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foster it. This vital resource is grounded 
in learning theory and based on research 
evidence, while being easy to understand and 
apply to college teaching.
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Any conversation about effective teaching 
must begin with a consideration of how 
students learn. However, instructors may fi nd 
a gap between resources that focus on the 
technical research on learning and those that 
provide practical classroom strategies. How 
Learning Works provides the bridge for such 
a gap.
 
In this volume, the authors introduce seven 
general principles of learning, distilled from 
the research literature as well as from 
twenty-seven years of experience working 
one-on-one with college faculty. They have 
drawn on research from a breadth of perspec-
tives (cognitive, developmental, and social 
psychology; educational research; anthro-
pology; demographics; and organizational 
behavior) to identify a set of key principles 
underlying learning—from how effective 
organization enhances retrieval and use 
of information to what impacts motivation. 
These principles provide instructors with an 
understanding of student learning that can 
help them see why certain teaching approach-
es are or are not supporting student learning, 
generate or refi ne teaching approaches and 
strategies that more effectively foster student 
learning in specifi c contexts, and transfer and 
apply these principles to new courses.
 
For anyone who wants to improve his or her 
students’ learning, it is crucial to understand 
how that learning works and how to best 
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 F O R E W O R D : 
A P P L Y I N G  T H E 
S C I E N C E  O F 
L E A R N I N G  T O 
C O L L E G E  T E A C H I N G     

  In 1899, the famous American psychologist, William James pub-
lished a little book called  Talks to Teachers , in which he sought 

to explain how to apply psychology to education — that is, he 
sought to use what he called  “ the science of the mind ’ s workings ”  
to generate practical advice for classroom teachers. At the time, 
the book was not much of a success, largely for two reasons: (a) 
there was a lack of research evidence on how learning works (that 
is, the science of learning), and (b) there was a lack of research -
 based principles concerning how to help people learn (that is, the 
science of instruction). 

 Much has happened in the learning sciences in the past 100 
years, particularly in the last few decades. We fi nally have the 
makings of a research - based theory of how people learn that is 
educationally relevant (that is, the science of learning) and a set 
of evidence - based principles for how to help people learn that is 
grounded in cognitive theory (that is, the science of instruction). 
Indeed, these are exciting times if you are interested in fulfi lling 
William James ’ s mission of applying the science of learning to 
education. 

 The book you are holding —  How Learning Works: Seven 
Research - Based Principles for Smart Teaching —  is the latest advance-
ment in the continuing task of applying the science of learning to 
education — particularly, college teaching. The authors are experts 
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in helping college teachers understand how research in the science 
of learning can improve their teaching. If you are interested in 
what research in the science of learning and instruction has to say 
for you as a college teacher, then this book is for you. 

 The book is organized around seven learning principles —
 each a gem that is based on research evidence from the science of 
learning and the science of instruction. The principles concern the 
role of the student ’ s prior knowledge, motivation, and develop-
mental level, as well as opportunities for the student to practice, 
receive feedback, and learn to become a self - directed learner. Each 
chapter focuses on one of the principles, such as  “ Students ’  prior 
knowledge can help or hinder learning. ”  Each chapter begins with 
a concrete scenario in college teaching that exemplifi es the prin-
ciple being highlighted in the chapter, provides a clear statement 
and rationale for the principle, summarizes the underlying 
research and its implications, and offers specifi c advice on how to 
apply the principle. 

 Consider the following scenario: You are teaching a course 
in your fi eld. Based on years of study and work, you are an 
expert in your fi eld — but you are certainly not an expert in how to 
teach others about your fi eld. In fact, you have almost no training 
in how to teach. Yet a fundamental part of your job involves 
college teaching. You have devised a teaching style that works for 
you, but you wonder whether there is any way to base what you 
are doing on scientifi c principles of learning and teaching. This 
description fi ts many college teachers. 

 The book you are holding is based on the idea that you wish 
to consider taking an evidence - based approach to college teach-
ing — that is, you wish to inform your instructional decisions with 
research evidence and research - based theory. Why should you take 
an evidence - based approach? You could base your instructional 
choices on fads, ideology, opinions, expert advice, or habit — but 
these approaches may not be ideal if your goal is to be an effective 
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teacher. Admittedly, advice from experts and your own personal 
experience can be useful aids to you in planning instruction, but 
they may be incomplete. In taking an evidence - based approach, 
you seek to add to your knowledge base by discovering what 
works and how it works. In short, it is helpful to understand what 
the science of learning has to offer you in your role as a college 
teacher. 

 Where should you look for help in improving your college 
teaching? Consider three common choices: 

  Sources that are too hard —   You could try to digest research articles in 
the fi eld of learning and instruction, but you might fi nd them 
somewhat tedious and perhaps daunting. This approach is too 
hard because it focuses on scientifi c evidence without much 
focus on how to apply the evidence to teaching.  

  Sources that are too soft —   You could read self - help guides that offer 
practical advice that is not necessarily based on research evi-
dence or research - based theory. This approach is too soft 
because it focuses on practical advice without supporting evi-
dence or theory to back up the advice.  

  Sources that are just right —   You could read this book, which synthe-
sizes empirical research evidence and research - based learning 
theory into practical advice for how to improve your college 
teaching. In short, the strength of this book is that it combines 
research evidence and practical advice to produce an evidence -
 based approach to improving your college teaching. If you are 
interested in what the science of learning has to contribute to 
your college teaching, then this book is for you.    

 What should you look for in this book? In reading this book, 
I suggest that you look to make sure that it meets four basic 
criteria for applying the science of learning to your college 
teaching: 
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   Theory - grounded : the advice is grounded in a research - based theory 
of how people learn  

   Evidence - based : the advice is supported by empirical research evi-
dence showing how to help people learn  

   Relevant : the advice has clear and practical implications for how 
to improve your teaching  

   Clear : the advice is understandable, concrete, and concise    

 As you read about each of the seven basic learning principles 
in this book, you will fi nd advice that is grounded in learning 
theory, based on research evidence, relevant to college teaching, 
and easy to understand. The authors have extensive knowledge 
and experience in applying the science of learning to college teach-
ing, and they graciously share it with you in this organized and 
readable book. 

 I congratulate you for your interest in improving your teach-
ing and commend you for taking the important step of reading 
this book. If you want to improve your teaching, it is useful to 
understand what research says about how learning works and 
about how to foster learning. In light of these goals, I welcome 
you to the feast of evidence - based advice you will fi nd in this 
volume. 

    Richard E. Mayer  
  University of California, Santa Barbara  
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 Introduction: 
Bridging Learning 
Research and 
Teaching Practice     

    Learning results from what the student does and thinks 
and only from what the student does and thinks. The 
teacher can advance learning only by infl uencing what the 
student does to learn. 

  HERBERT A. SIMON, 1  one of the founders of the fi eld of 
Cognitive Science, Nobel Laureate, and University Professor 
(deceased) at Carnegie Mellon University    

 As the quotation above suggests, any conversation about effec-
tive teaching must begin with a consideration of how stu-

dents learn. Yet instructors who want to investigate the mechanisms 
and conditions that promote student learning may fi nd them-
selves caught between two kinds of resources: research articles 
with technical discussions of learning, or books and Web sites 
with concrete strategies for course design and classroom peda-
gogy. Texts of the fi rst type focus on learning but are often techni-
cal, inaccessible, and lack clear application to the classroom, while 
texts of the second type are written in accessible language but 
often leave instructors without a clear sense of why (or even 
whether) particular strategies promote learning. Neither of these 
genres offers what many instructors really need — a model of 
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student learning that enables them to make sound teaching deci-
sions. In other words, instructors need a bridge between research 
and practice, between teaching and learning. 

 We wrote this book to provide such a bridge. The book grew 
out of over twenty - nine years of experience consulting with faculty 
colleagues about teaching and learning. In these consultations, we 
encountered a number of recurring problems that spanned disci-
plines, course types, and student skill levels. Many of these prob-
lems raised fundamental questions about student learning. For 
example: Why can ’ t students apply what they have learned? Why 
do they cling so tightly to misconceptions? Why are they not more 
engaged by material  I  fi nd so interesting? Why do they claim to 
know so much more than they actually know? Why do they con-
tinue to employ the same ineffective study strategies? 

 As we worked with faculty to explore the sources of these 
problems, we turned to the research on learning, and from this 
research we distilled seven principles, each of which crystallizes a 
key aspect of student learning. These principles have become the 
foundation for our work. Not only have we found them indispens-
able in our own teaching and in our consultations with faculty, 
but as we have talked and worked with thousands of faculty from 
around the world, we have also found that the principles resonate 
across disciplines, institution types, and cultures, from Latin 
America to Asia. In our experience, these principles provide 
instructors with an understanding of student learning that can 
help them (a) see  why  certain teaching approaches are or are not 
supporting students ’  learning, (b) generate or refi ne teaching 
approaches and strategies that more effectively foster student 
learning in specifi c contexts, and (c) transfer and apply these prin-
ciples to new courses. 

 In this book, we offer these principles of learning, along with 
a discussion of the research that supports them, their implica-
tions for teaching, and a set of instructional strategies targeting 
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each principle. Before briefl y summarizing the full set of princi-
ples and discussing the characteristics they share and some ways 
that this book can be used, we begin by discussing what we mean 
by learning. 

  WHAT IS LEARNING? 

 Any set of learning principles is predicated on a defi nition of 
learning. In this book, we defi ne learning as a  process  that leads to 
 change , which occurs as a result of  experience  and increases the 
potential for improved performance and future learning (adapted 
from Mayer,  2002 ). There are three critical components to this 
defi nition: 

  1.     Learning is a  process , not a product. However, because this 
process takes place in the mind, we can only infer that it has 
occurred from students ’  products or performances.  

  2.     Learning involves  change  in knowledge, beliefs, behaviors, or 
attitudes. This change unfolds over time; it is not fl eeting but 
rather has a lasting impact on how students think and act.  

  3.     Learning is not something done  to  students, but rather some-
thing students themselves do. It is the direct result of how 
students interpret and respond to their  experiences  — conscious 
and unconscious, past and present.     

  OUR PRINCIPLES OF LEARNING 

 Our seven principles of learning come from a perspective that is 
developmental and holistic. In other words, we begin with the 
recognition that (a) learning is a developmental process that inter-
sects with other developmental processes in a student ’ s life, and 



How Learning Works

4

(b) students enter our classrooms not only with skills, knowledge, 
and abilities, but also with social and emotional experiences that 
infl uence what they value, how they perceive themselves and 
others, and how they will engage in the learning process. Consistent 
with this holistic perspective, readers should understand that, 
although we address each principle individually to highlight par-
ticular issues pertaining to student learning, they are all at work 
in real learning situations and are functionally inseparable. 

 In the paragraphs below, we briefl y summarize each of the 
principles in the order in which they are discussed in the book.     

 Students ’  prior knowledge can help or hinder learning.   

 Students come into our courses with knowledge, beliefs, and 
attitudes gained in other courses and through daily life. As stu-
dents bring this knowledge to bear in our classrooms, it infl uences 
how they fi lter and interpret what they are learning. If students ’  
prior knowledge is robust and accurate and activated at the appro-
priate time, it provides a strong foundation for building new 
knowledge. However, when knowledge is inert, insuffi cient for the 
task, activated inappropriately, or inaccurate, it can interfere with 
or impede new learning.     

 How students organize knowledge infl uences how they learn 
and apply what they know.   

 Students naturally make connections between pieces of 
knowledge. When those connections form knowledge structures 
that are accurately and meaningfully organized, students are 
better able to retrieve and apply their knowledge effectively and 
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effi ciently. In contrast, when knowledge is connected in inaccu-
rate or random ways, students can fail to retrieve or apply it 
appropriately.     

 Students ’  motivation determines, directs, and sustains what 
they do to learn.   

 As students enter college and gain greater autonomy over 
what, when, and how they study and learn, motivation plays a 
critical role in guiding the direction, intensity, persistence, and 
quality of the learning behaviors in which they engage. When 
students fi nd positive value in a learning goal or activity, expect 
to successfully achieve a desired learning outcome, and perceive 
support from their environment, they are likely to be strongly 
motivated to learn.     

 To develop mastery, students must acquire component skills, 
practice integrating them, and know when to apply what they 

have learned.   

 Students must develop not only the component skills and 
knowledge necessary to perform complex tasks, they must also 
practice combining and integrating them to develop greater 
fl uency and automaticity. Finally, students must learn when and 
how to apply the skills and knowledge they learn. As instructors, 
it is important that we develop conscious awareness of these ele-
ments of mastery so as to help our students learn more 
effectively.     

 Goal - directed practice coupled with targeted feedback enhances 
the quality of students ’  learning.   
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 Learning and performance are best fostered when students 
engage in practice that focuses on a specifi c goal or criterion, 
targets an appropriate level of challenge, and is of suffi cient quan-
tity and frequency to meet the performance criteria. Practice must 
be coupled with feedback that explicitly communicates about 
some aspect(s) of students ’  performance relative to specifi c target 
criteria, provides information to help students progress in meeting 
those criteria, and is given at a time and frequency that allows it 
to be useful.     

 Students ’  current level of development interacts with the 
social, emotional, and intellectual climate of the course 

to impact learning.   

 Students are not only intellectual but also social and emo-
tional beings, and they are still developing the full range of intel-
lectual, social, and emotional skills. While we cannot control the 
developmental process, we can shape the intellectual, social, emo-
tional, and physical aspects of the classroom climate in develop-
mentally appropriate ways. In fact, many studies have shown 
that the climate we create has implications for our students. A 
negative climate may impede learning and performance, but a 
positive climate can energize students ’  learning.     

 To become self - directed learners, students must learn to 
monitor and adjust their approaches to learning.   

 Learners may engage in a variety of metacognitive processes 
to monitor and control their learning — assessing the task at hand, 
evaluating their own strengths and weaknesses, planning their 
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approach, applying and monitoring various strategies, and refl ect-
ing on the degree to which their current approach is working. 
Unfortunately, students tend not to engage in these processes 
naturally. When students develop the skills to engage these pro-
cesses, they gain intellectual habits that not only improve their 
performance but also their effectiveness as learners.  

  WHAT MAKES THESE PRINCIPLES POWERFUL? 

 The principal strength of these seven principles is that they are 
based directly on research, drawing on literature from cognitive, 
developmental, and social psychology, anthropology, education, 
and diversity studies, and research targeting not only higher edu-
cation but also K – 12 education. Although, of course, this is not 
an exhaustive review and any summary of research necessarily 
simplifi es a host of complexities for the sake of accessibility, we 
believe that our discussions of the research underlying each prin-
ciple are faithful to the scholarship and describe features of learn-
ing about which there is widespread agreement. Indeed, several of 
our principles converge with those that others have delineated 
(Pittsburgh Science of Learning Center,  2009 ; American 
Psychological Society,  2008 ), a convergence that we believe attests 
to their salience. 

 Not only are these principles research - based, but as we have 
shared them with colleagues over the years, we have found that 
they are 

   •      Domain - independent:     They apply equally well across all subject 
areas, from biology to design to history to robotics; the funda-
mental factors that impact the way students learn transcend 
disciplinary differences.  
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   •      Experience - independent:     The principles apply to all educational 
levels and pedagogical situations. In other words, although the 
pedagogical implications of a principle will be somewhat dif-
ferent for fi rst - year undergraduate students in a lab environ-
ment as opposed to graduate students in a studio environment, 
the principle still applies.  

   •      Cross - culturally relevant:     Although the research we identifi ed has 
been conducted primarily in the Western world, faculty col-
leagues in other countries have resonated with the principles, 
fi nding them relevant to their own classes and students. 
However, it is important to bear in mind that culture can and 
does infl uence how the principles should be applied as instruc-
tors design and teach their courses.     

  INTENDED AUDIENCES 

 This book is intended for anyone interested in understanding 
more about how students learn and in applying that information 
to improve instruction. This includes — but is not limited to — fac-
ulty members, graduate students, faculty developers, instructional 
designers, and librarians. It also includes K – 12 educators. In addi-
tion, the principles outlined here are valuable for instructors at 
all experience levels. They can help new and inexperienced instruc-
tors understand the components of effective course design and 
classroom pedagogy. They can help experienced instructors trou-
bleshoot problems or adapt effective strategies to suit new courses 
or student populations. They can also help highly successful and 
experienced instructors refl ect on what makes their approaches 
and methods effective. Finally, these principles can enable faculty 
members to better support student learning without having to 
rely on outside experts (a benefi t that is particularly valuable for 
faculty at campuses without teaching and learning centers).  
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  HOW TO READ THIS BOOK 

 Each chapter in this book begins with stories that represent teach-
ing situations that we hope will strike readers as familiar. Although 
the instructors described in these stories are fi ctional, the sce-
narios are authentic, representing composites of real problems we 
have encountered over many years of consulting with faculty. We 
analyze these stories to identify the core problems or issues 
involved and use them to introduce the learning principle relevant 
to those problems. Then we discuss the principle in relation to 
the research that underlies it. Finally, we provide a set of strategies 
to help instructors design instruction with that principle in mind. 

 Because all of these principles combine to infl uence learning, 
no one principle stands alone. Consequently, the chapters can be 
read in any order. Moreover, the book can be read in conjunction 
with our Web site, which provides additional strategies, applica-
tions, sample materials, and resources. The URL is  http://www
.cmu.edu/teaching .  

  NOTE 

  1.     Herb Simon was a university professor at Carnegie Mellon University and had 
joint appointments in the departments of psychology and computer science. 
While at Carnegie Mellon, Herb played a major role in the development of 
the Graduate School of Industrial Administration (renamed the Tepper 
School of Business in 2004), the Department of Psychology, the School of 
Computer Science, and the College of Humanities and Social Sciences. He 
was one of the founding fathers of the fi elds of cognitive psychology and 
artifi cial intelligence, and won the Nobel Prize in Economics in 1978 and the 
National Medal of Science in 1986. For many years (until his death), Herb 
served as a member of the Advisory Committee to the Eberly Center for 
Teaching Excellence. He was often heard paraphrasing this quote from Elliott 
Dunlap Smith, a past president of Carnegie Mellon University.        
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  C H A P T E R  1 

  How Does 
Students ’  Prior 
Knowledge A! ect 
Their Learning?              

     But They Said They Knew This! 
 I recently taught Research Methods in Decision Sciences for 
the fi rst time. On the fi rst day of class, I asked my students 
what kinds of statistical tests they had learned in the 
introductory statistics course that is a prerequisite for my 
course. They generated a fairly standard list that included 
T - tests, chi - square, and ANOVA. Given what they told me, I 
was pretty confi dent that my fi rst assignment was pitched at 
the appropriate level; it simply required that students take a 
data set that I provided, select and apply the appropriate 
statistical test from those they had already learned, analyze 
the data, and interpret the results. It seemed pretty basic, but 
I was shocked at what they handed in. Some students chose a 
completely inappropriate test while others chose the right test 
but did not have the foggiest idea how to apply it. Still others 
could not interpret the results. What I can ’ t fi gure out is why 
they told me they knew this stuff when it ’ s clear from their 
work that most of them don ’ t have a clue. 

  Professor Soo Yon Won   
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  WHAT IS GOING ON IN THESE STORIES? 

 The instructors in these stories seem to be doing all the right 
things. Professor Won takes the time to gauge students ’  knowl-
edge of statistical tests so that she can pitch her own instruction 
at the appropriate level. Professor Dione carefully explains a dif-
fi cult concept, provides concrete examples, and even gives an 
explicit warning about a common misconception. Yet neither 
instructor ’ s strategy is having the desired effect on students ’  learn-
ing and performance. To understand why, it is helpful to consider 
the effect of students ’  prior knowledge on new learning. 

 Professor Won assumes that students have learned and 
retained basic statistical skills in their prerequisite course, an 

  Why Is This So Hard for Them to Understand? 
 Every year in my introductory psychology class I teach my 
students about classic learning theory, particularly the 
concepts of positive and negative reinforcement. I know that 
these can be tough concepts for students to grasp, so I spell 
out very clearly that  reinforcement  always refers to increasing a 
behavior and  punishment  always refers to decreasing a 
behavior. I also emphasize that, contrary to what they might 
assume,  negative reinforcement  does not mean punishment; it 
means removing something aversive to increase a desired 
behavior. I also provide a number of concrete examples to 
illustrate what I mean. But it seems that no matter how much 
I explain the concept, students continue to think of negative 
reinforcement as punishment. In fact, when I asked about 
negative reinforcement on a recent exam, almost 60 percent 
of the class got it wrong. Why is this so hard for students to 
understand? 

  Professor Anatole Dione    
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assumption that is confi rmed by the students ’  self - report. In 
actuality, although students have some knowledge — they are able 
to identify and describe a variety of statistical tests — it may not be 
suffi cient for Professor Won ’ s assignment, which requires them 
to determine when particular tests are appropriate, apply the right 
test for the problem, and then interpret the results. Here Professor 
Won ’ s predicament stems from a mismatch between the knowl-
edge students have and the knowledge their instructor expects 
and needs them to have to function effectively in her course. 

 In Professor Dione ’ s case it is not what students do  not  know 
that hurts them but rather what they  do  know. His students, like 
many of us, have come to associate positive with  “ good ”  and nega-
tive with  “ bad, ”  an association that is appropriate in many con-
texts, but not in this one. When students are introduced to the 
concept of negative reinforcement in relation to classic learning 
theory, their prior understanding of  “ negative ”  may interfere with 
their ability to absorb the technical defi nition. Instead of grasping 
that the  “ negative ”  in negative reinforcement involves removing 
something to get a positive change (an example would be a mother 
who promises to quit nagging if her son will clean his room), 
students interpret the word  “ negative ”  to imply a negative 
response, or punishment. In other words, their prior knowledge 
triggers an inappropriate association that ultimately intrudes on 
and distorts the incoming knowledge.  

  WHAT PRINCIPLE OF LEARNING IS 
AT WORK HERE? 

 As we teach, we often try to enhance our students ’  understanding 
of the course content by connecting it to their knowledge and 
experiences from earlier in the same course, from previous courses, 
or from everyday life. But sometimes — like Professor Won — we 
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overestimate students ’  prior knowledge and thus build new 
knowledge on a shaky foundation. Or we fi nd — like Professor 
Dione — that our students are bringing prior knowledge to bear 
that is not appropriate to the context and which is distorting their 
comprehension. Similarly, we may uncover misconceptions and 
inaccuracies in students ’  prior knowledge that are actively inter-
fering with their ability to learn the new material. 

 Although, as instructors, we can and should build on stu-
dents ’  prior knowledge, it is also important to recognize that not 
all prior knowledge provides an equally solid foundation for new 
learning.     

  Principle:  Students ’  prior knowledge can help or 
hinder learning.   

 Students do not come into our courses as blank slates, but 
rather with knowledge gained in other courses and through daily 
life. This knowledge consists of an amalgam of facts, concepts, 
models, perceptions, beliefs, values, and attitudes, some of which 
are accurate, complete, and appropriate for the context, some of 
which are inaccurate, insuffi cient for the learning requirements of 
the course, or simply inappropriate for the context. As students 
bring this knowledge to bear in our classrooms, it infl uences how 
they fi lter and interpret incoming information. 

 Ideally, students build on a foundation of robust and accu-
rate prior knowledge, forging links between previously acquired 
and new knowledge that help them construct increasingly com-
plex and robust knowledge structures (see Chapter Two). However, 
students may not make connections to relevant prior knowledge 
spontaneously. If they do not draw on relevant prior knowledge —
 in other words, if that knowledge is  inactive  — it may not facilitate 
the integration of new knowledge. Moreover, if students ’  prior 
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knowledge is  insuffi cient  for a task or learning situation, it may fail 
to support new knowledge, whereas if it is  inappropriate  for the 
context or  inaccurate , it may actively distort or impede new learn-
ing. This is illustrated in Figure  1.1 .   

     Figure 1.1.     Qualities of Prior Knowledge That Help or Hinder Learning  
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 Understanding what students know — or think they know —
 coming into our courses can help us design our instruction more 
appropriately. It allows us not only to leverage their accurate 
knowledge more effectively to promote learning, but also to 
identify and fi ll gaps, recognize when students are applying 
what they know inappropriately, and actively work to correct 
misconceptions.  

  WHAT DOES THE RESEARCH TELL US ABOUT 
PRIOR KNOWLEDGE? 

 Students connect what they learn to what they already know, 
interpreting incoming information, and even sensory perception, 
through the lens of their existing knowledge, beliefs, and assump-
tions (Vygotsky,  1978 ; National Research Council,  2000 ). In fact, 
there is widespread agreement among researchers that students 
 must  connect new knowledge to previous knowledge in order to 
learn (Bransford  &  Johnson,  1972 ; Resnick,  1983 ). However, the 
extent to which students are able to draw on prior knowledge to 
 effectively  construct new knowledge depends on the nature of their 
prior knowledge, as well as the instructor ’ s ability to harness it. In 
the following sections, we discuss research that investigates the 
effects of various kinds of prior knowledge on student learning 
and explore its implications for teaching. 

  Activating Prior Knowledge 
 When students can connect what they are learning to accurate and 
relevant prior knowledge, they learn and retain more. In essence, 
new knowledge  “ sticks ”  better when it has prior knowledge to 
stick to. In one study focused on recall, for example, participants 
with variable knowledge of soccer were presented with scores from 
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different soccer matches and their recall was tested. People with 
more prior knowledge of soccer recalled more scores (Morris et 
al.,  1981 ). Similarly, research conducted by Kole and Healy  (2007)  
showed that college students who were presented with unfamiliar 
facts about well - known individuals demonstrated twice the capac-
ity to learn and retain those facts as students who were presented 
with the same number of facts about unfamiliar individuals. Both 
these studies illustrate how prior knowledge of a topic can help 
students integrate new information. 

 However, students may not spontaneously bring their prior 
knowledge to bear on new learning situations (see the discussion 
of transfer in Chapter Four). Thus, it is important to help stu-
dents activate prior knowledge so they can build on it produc-
tively. Indeed, research suggests that even small instructional 
interventions can activate students ’  relevant prior knowledge to 
positive effect. For instance, in one famous study by Gick and 
Holyoak  (1980) , college students were presented with two prob-
lems that required them to apply the concept of convergence. The 
researchers found that even when the students knew the solution 
to the fi rst problem, the vast majority did not think to apply an 
analogous solution to the second problem. However, when the 
instructor suggested to students that they think about the second 
problem in relation to the fi rst, 80 percent of the student partici-
pants were able to solve it. In other words, with minor prompts 
and simple reminders, instructors can activate relevant prior 
knowledge so that students draw on it more effectively (Bransford 
 &  Johnson,  1972 ; Dooling  &  Lachman,  1971 ). 

 Research also suggests that asking students questions spe-
cifi cally designed to trigger recall can help them use prior knowl-
edge to aid the integration and retention of new information 
(Woloshyn, Paivio,  &  Pressley,  1994 ). For example, Martin and 
Pressley  (1991)  asked Canadian adults to read about events 
that had occurred in various Canadian provinces. Prior to any 
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instructional intervention, the researchers found that study par-
ticipants often failed to use their relevant prior knowledge to 
logically situate events in the provinces where they occurred, 
and thus had diffi culty remembering specifi c facts. However, 
when the researchers asked a set of  “ why ”  questions (for example, 
 “ Why would Ontario have been the fi rst place baseball was 
played? ” ), participants were forced to draw on their prior knowl-
edge of Canadian history and relate it logically to the new infor-
mation. The researchers found that this intervention, which they 
called  elaborative interrogation , improved learning and retention 
signifi cantly. 

 Researchers have also found that if students are asked to 
generate relevant knowledge from previous courses or their own 
lives, it can help to facilitate their integration of new material 
(Peeck, Van Den Bosch,  &  Kruepeling,  1982 ). For example, Garfi eld 
and her colleagues (Garfi eld, Del Mas,  &  Chance,  2007 ) designed 
an instructional study in a college statistics course that focused 
on the concept of variability — a notoriously diffi cult concept to 
grasp. The instructors fi rst collected baseline data on students ’  
understanding of variability at the end of a traditionally taught 
course. The following semester, they redesigned the course so that 
students were asked to generate examples of activities in their own 
lives that had either high or low variability, to represent them 
graphically, and draw on them as they reasoned about various 
aspects of variability. While both groups of students continued to 
struggle with the concept, post - tests showed that students who 
had generated relevant prior knowledge outperformed students 
in the baseline class two to one. 

 Exercises to generate prior knowledge can be a double - edged 
sword, however, if the knowledge students generate is inaccurate 
or inappropriate for the context (Alvermann, Smith,  &  Readance, 
 1985 ). Problems involving inaccurate and inappropriate prior 
knowledge will be addressed in the next two sections. 
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  Implications of This Research     Students learn more readily 
when they can connect what they are learning to what they already 
know. However, instructors should not assume that students will 
immediately or naturally draw on relevant prior knowledge. 
Instead, they should deliberately activate students ’  prior knowl-
edge to help them forge robust links to new knowledge.   

  Accurate but Insu!  cient Prior Knowledge 
 Even when students ’  prior knowledge is accurate and activated, it 
may not be suffi cient to support subsequent learning or a desired 
level of performance. Indeed, when students possess  some  relevant 
knowledge, it can lead both students and instructors to assume 
that students are better prepared than they truly are for a particu-
lar task or level of instruction. 

 In fact, there are many different types of knowledge, as evi-
denced by a number of typologies of knowledge (for example, 
Anderson  &  Krathwohl,  2001 ; Anderson,  1983 ; Alexander, 
Schallert,  &  Hare,  1991 ; DeJong  &  Ferguson - Hessler,  1996 ). One 
kind of knowledge that appears across many of these typologies 
is  declarative knowledge , or the knowledge of facts and concepts 
that can be stated or declared. Declarative knowledge can be 
thought of as  “ knowing what. ”  The ability to name the parts of 
the circulatory system, describe the characteristics of hunter - gath-
erer social structure, or explain Newton ’ s Third Law are examples 
of declarative knowledge. A second type of knowledge is often 
referred to as  procedural knowledge , because it involves knowing 
how and knowing when to apply various procedures, methods, 
theories, styles, or approaches. The ability to calculate integrals, 
draw with 3 - D perspective, and calibrate lab equipment — as well 
as the knowledge of when these skills are and are not applicable —
 fall into the category of procedural knowledge. 
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 Declarative and procedural knowledge are not the same, nor 
do they enable the same kinds of performance. It is common, for 
instance, for students to know facts and concepts but not know 
how or when to apply them. In fact, research on science learning 
demonstrates that even when students can state scientifi c facts 
(for example,  “ Force equals mass times acceleration ” ), they are 
often weak at applying those facts to solve problems, interpret 
data, and draw conclusions (Clement,  1982 ). We see this problem 
clearly in Professor Won ’ s class. Her students know  what  various 
statistical tests are, but this knowledge is insuffi cient for the task 
Professor Won has assigned, which requires them to select appro-
priate tests for a given data set, execute the statistical tests prop-
erly, and interpret the results. 

 Similarly, studies have shown that students can often 
perform procedural tasks without being able to articulate a clear 
understanding of what they are doing or why (Berry  &  Broadbent, 
 1988 ; Reber  &  Kotovsky,  1997 ; Sun, Merrill,  &  Peterson,  2001 ). 
For example, business students may be able to apply formulas to 
solve fi nance problems but not to explain their logic or the prin-
ciples underlying their solutions. Similarly, design students may 
know how to execute a particular design without being able to 
explain or justify the choices they have made. These students may 
have suffi cient procedural knowledge to function effectively in 
specifi c contexts, yet lack the declarative knowledge of deep fea-
tures and principles that would allow them both to adapt to dif-
ferent contexts (see discussion of transfer in Chapter Three) and 
explain themselves to others. 

  Implications of This Research     Because  knowing what  is a very 
different kind of knowledge than  knowing how  or  knowing when , it 
is especially important that, as instructors, we are clear in our own 
minds about the knowledge requirements of different tasks and 
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that we not assume that because our students have one kind of 
knowledge that they have another. Instead, it is critical to assess 
both the amount and nature of students ’  prior knowledge so that 
we can design our instruction appropriately.   

  Inappropriate Prior Knowledge 
 Under some circumstances, students draw on prior knowledge 
that is inappropriate for the learning context. Although this 
knowledge is not necessarily inaccurate, it can skew their compre-
hension of new material. 

 One situation in which prior knowledge can distort learning 
and performance is when students import everyday meanings into 
technical contexts. Several studies in statistics, for example, show 
how commonplace defi nitions of terms such as  random  and  spread  
intrude in technical contexts, distorting students ’  understandings 
of statistical concepts (Del Mas  &  Liu,  2007 ; Kaplan, Fisher,  &  
Rogness,  2009 ). This seems to be the problem for Professor Dione ’ s 
students, whose everyday associations with the terms  positive  
and  negative  may have skewed their understanding of  negative 
reinforcement.  

 Another situation in which inappropriate prior knowledge 
can impede new learning is if students analogize from one situa-
tion to another without recognizing the limitations of the analogy. 
For the most part, analogies serve an important pedagogical func-
tion, allowing instructors to build on what students already know 
to help them understand complex, abstract, or unfamiliar con-
cepts. However, problems can arise when students do not recog-
nize where the analogy breaks down or fail to see the limitations 
of a simple analogy for describing a complex phenomenon. For 
example, skeletal muscles and cardiac muscles share some traits; 
hence, drawing analogies between them makes sense to a point. 
However, the differences in how these two types of muscles func-
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tion are substantial and vital to understanding their normal oper-
ation, as well as for determining how to effectively intervene in a 
health crisis. In fact, Spiro and colleagues (Spiro et al.,  1989 ) 
found that many medical students possess a misconception about 
a potential cause of heart failure that can be traced to their failure 
to recognize the limitations of the skeletal muscle - cardiac muscle 
analogy. 

 Knowledge from one disciplinary context, moreover, may 
obstruct learning and performance in another disciplinary context 
if students apply it inappropriately. According to Beaufort  (2007) , 
college composition courses sometimes contribute to this phe-
nomenon by teaching a generic approach to writing that leaves 
students ill - prepared to write well in particular domains. Because 
students come to think of writing as a  “ one size fi ts all ”  skill, they 
misapply conventions and styles from their general writing classes 
to disciplinary contexts in which they are not appropriate. For 
example, they might apply the conventions of a personal narrative 
or an opinion piece to writing an analytical paper or a lab report. 
Beaufort argues that without remediation, this intrusion of inap-
propriate knowledge can affect not only students ’  performance 
but also their ability to internalize the rhetorical conventions and 
strategies of the new discipline. 

 Furthermore, learning can also be impeded when linguistic 
knowledge is applied to contexts where it is inappropriate (Bartlett, 
 1932 ). For example, when many of us are learning a foreign lan-
guage, we apply the grammatical structure we know from our 
native language to the new language. This can impede learning 
when the new language operates according to fundamentally 
different grammatical rules, such as a subject - object - verb 
con fi guration as opposed to a subject - verb - object structure 
(Thonis,  1981 ). 

 Similarly, misapplication of cultural knowledge can — and 
often does — lead to erroneous assumptions. For example, when 
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Westerners draw on their own cultural knowledge to interpret 
practices such as veiling in the Muslim world, they may misinter-
pret the meaning of the veil to the women who wear it. For 
instance, Westerners may assume that veiling is a practice imposed 
by men on unwilling women or that Muslim women who veil do 
so to hide their beauty. In fact, neither of these conclusions is 
necessarily accurate; for instance, some Muslim women volun-
tarily choose to cover — sometimes against the wishes of male 
family members — as a statement of modern religious and political 
identity (Ahmed,  1993 ; El Guindi,  1999 ). By the same token, some 
women think of the veil as a way to accentuate, not conceal, 
beauty (Wikan,  1982 ). Yet if Westerners interpret these practices 
through the lens of their own prior cultural knowledge and 
assumptions, they may emerge with a distorted understanding 
that can impede further learning. 

 Research suggests that if students are explicitly taught the 
conditions and contexts in which knowledge is applicable (and 
inapplicable), it can help them avoid applying prior knowledge 
inappropriately. Moreover, if students learn abstract principles to 
guide the application of their knowledge and are presented with 
multiple examples and contexts in which to practice applying 
those principles, it not only helps them recognize when their prior 
knowledge is relevant to a particular context (see Chapter Four on 
transfer), but also helps them avoid misapplying knowledge in the 
wrong contexts (Schwartz et al.,  1999 ). Researchers also observe 
that making students explicitly aware of the limitations of a given 
analogy can help them learn not to approach analogies uncriti-
cally or stretch a simple analogy too far (Spiro et al.,  1989 ). 

 Another way to help students avoid making inappropriate 
associations or applying prior knowledge in the wrong contexts 
is to deliberately activate their relevant prior knowledge (Minstrell, 
 1989, 1992 ). If we recall Professor Dione ’ s course from the story 
at the beginning of the chapter, we can imagine a potential appli-
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cation for this idea. When presented with the counterintuitive 
concept of negative reinforcement, Professor Dione ’ s students 
drew on associations (of positive as desirable and negative as 
undesirable) that were interfering with their comprehension. 
However, if Professor Dione had tried activating a different set of 
associations — namely of positive as adding and negative as sub-
tracting — he may have been able to leverage those associations to 
help his students understand that positive reinforcement involves 
adding something to a situation to increase a desired behavior 
whereas negative reinforcement involves subtracting something 
to increase a desired behavior. 

  Implications of This Research     When learning new material, 
students may draw on knowledge (from everyday contexts, from 
incomplete analogies, from other disciplinary contexts, and from 
their own cultural or linguistic backgrounds) that is inappropri-
ate for the context, and which can distort their interpretation of 
new material or impede new learning. To help students learn 
where their prior knowledge is and is not applicable, it is impor-
tant for instructors to (a) clearly explain the conditions and con-
texts of applicability, (b) teach abstract principles but also provide 
multiple examples and contexts, (c) point out differences, as well 
as similarities, when employing analogies, and (d) deliberately 
activate relevant prior knowledge to strengthen appropriate 
associations.   

  Inaccurate Prior Knowledge 
 We have seen in the sections above that prior knowledge will not 
support new learning if it is insuffi cient or inappropriate for the 
task at hand. But what if it is downright wrong? Research indi-
cates that inaccurate prior knowledge (in other words, fl awed 
ideas, beliefs, models, or theories) can distort new knowledge by 
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predisposing students to ignore, discount, or resist evidence that 
confl icts with what they believe to be true (Dunbar, Fugelsang,  &  
Stein,  2007 ; Chinn  &  Malhotra,  2002 ; Brewer  &  Lambert,  2000 ; 
Fiske  &  Taylor,  1991 ; Alvermann, Smith,  &  Readance,  1985 ). 
Some psychologists explain this distortion as a result of our striv-
ing for internal consistency. For example, Vosniadou and Brewer 
 (1987)  found that children reconcile their perception that the 
earth is fl at with formal instruction stating that the earth is round 
by conceiving of the earth as a pancake: circular but with a fl at 
surface. In other words, children — like all learners — try to make 
sense of what they are learning by fi tting it into what they already 
know or believe. 

 Inaccurate prior knowledge can be corrected fairly easily if it 
consists of relatively isolated ideas or beliefs that are not embed-
ded in larger conceptual models (for example, the belief that Pluto 
is a planet or that the heart oxygenates blood). Research indicates 
that these sorts of beliefs respond to refutation; in other words, 
students will generally revise them when they are explicitly con-
fronted with contradictory explanations and evidence (Broughton, 
Sinatra,  &  Reynolds,  2007 ; Guzetti, Snyder, Glass,  &  Gamas,  1993 ; 
Chi,  2008 ). Even more integrated — yet nonetheless fl awed — con-
ceptual models may respond to refutation over time if the indi-
vidual inaccuracies they contain are refuted systematically (Chi  &  
Roscoe,  2002 ). 

 However, some kinds of inaccurate prior knowledge — 
called  misconceptions  — are remarkably resistant to correction. 
Misconceptions are models or theories that are deeply embedded 
in students ’  thinking. Many examples have been documented in 
the literature, including na ï ve theories in physics (such as the 
notion that objects of different masses fall at different rates),  “ folk 
psychology ”  myths (for example, that blind people have more 
sensitive hearing than sighted people or that a good hypnotist 
can command total obedience), and stereotypes about groups 
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of people (Brown,  1983 ; Kaiser, McCloskey,  &  Proffi tt,  1986 ; 
McCloskey,  1983 ; Taylor  &  Kowalski,  2004 ). 

 Misconceptions are diffi cult to refute for a number of 
reasons. First, many of them have been reinforced over time and 
across multiple contexts. Moreover, because they often include 
accurate — as well as inaccurate — elements, students may not rec-
ognize their fl aws. Finally, in many cases, misconceptions may 
allow for successful explanations and predictions in a number of 
everyday circumstances. For example, although stereotypes are 
dangerous oversimplifi cations, they are diffi cult to change in part 
because they fi t aspects of our perceived reality and serve an adap-
tive human need to generalize and categorize (Allport,  1954 ; 
Brewer,  1988 ; Fiske  &  Taylor,  1991 ). 

 Research has shown that deeply held misconceptions often 
persist despite direct instructional interventions (Ram, Nersessian, 
 &  Keil,  1997 ; Gardner  &  Dalsing,  1986 ; Gutman,  1979 ; Confrey, 
 1990 ). For example, Stein and Dunbar conducted a study 
(described in Dunbar, Fugelsang,  &  Stein,  2007 ) in which they 
asked college students to write about why the seasons changed, 
and then assessed their relevant knowledge via a multiple choice 
test. After fi nding that 94 percent of the students in their study 
had misconceptions (including the belief that the shape of the 
earth ’ s orbit was responsible for the seasons), the researchers 
showed students a video that clearly explained that the tilt of the 
earth ’ s axis, not the shape of the earth ’ s orbit, was responsible for 
seasonal change. Yet in spite of the video, when students were 
asked to revise their essays, their explanations for the seasons did 
not change fundamentally. Similarly, McCloskey, Caramazza, and 
Green  (1980)  found that other deeply held misconceptions about 
the physical world persist even when they are refuted through 
formal instruction. 

 Results like these are sobering. Yet the picture is not alto-
gether gloomy. To begin with, it is important to recognize that 
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conceptual change often occurs gradually and may not be imme-
diately visible. Thus, students may be moving in the direction of 
more accurate knowledge even when it is not yet apparent in their 
performance (Alibali,  1999 ; Chi  &  Roscoe,  2002 ). Moreover, even 
when students retain inaccurate beliefs, they can learn to inhibit 
and override those beliefs and draw on accurate knowledge 
instead. Research indicates, for instance, that when people are 
suffi ciently motivated to do so, they can consciously suppress 
stereotypical judgments and learn to rely on rational analysis 
more and stereotypes less (Monteith  &  Mark,  2005 ; Monteith, 
Sherman,  &  Devine,  1998 ). Moreover, since consciously overcom-
ing misconceptions requires more cognitive energy than simply 
falling back on intuitive, familiar modes of thinking, there is 
research to suggest that when distractions and time pressures are 
minimized, students will be more likely to think rationally and 
avoid applying misconceptions and fl awed assumptions (Finucane 
et al.,  2000 ; Kahnemann  &  Frederick,  2002 ). 

 In addition, carefully designed instruction can help wean 
students from misconceptions through a process called  bridging  
(Brown,  1992 ; Brown  &  Clement,  1989 ; Clement,  1993 ). For 
example, Clement observed that students often had trouble believ-
ing that a table exerts force on a book placed on its surface. To 
help students grasp this somewhat counterintuitive concept, he 
designed an instructional intervention for high school physics 
students that started from students ’  accurate prior knowledge. 
Because students did believe that a compressed spring exerted 
force, the researchers were able to analogize from the spring to 
foam, then to pliable wood, and fi nally to a solid table. The inter-
mediate objects served to bridge the difference between a spring 
and the table and enabled the students to extend their accurate 
prior knowledge to new contexts. Using this approach, Clement 
obtained signifi cantly greater pre -  to posttest gains compared to 
traditional classroom instruction. In a similar vein, Minstrell ’ s 
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research  (1989)  shows that students can be guided away from 
misconceptions through a process of reasoning that helps them 
build on the accurate facets of their knowledge as they gradually 
revise the inaccurate facets. 

  Implications of This Research     It is important for instructors 
to address inaccurate prior knowledge that might otherwise 
distort or impede learning. In some cases, inaccuracies can be cor-
rected simply by exposing students to accurate information and 
evidence that confl icts with fl awed beliefs and models. However, 
it is important for instructors to recognize that a single correction 
or refutation is unlikely to be enough to help students revise 
deeply held misconceptions. Instead, guiding students through a 
process of conceptual change is likely to take time, patience, and 
creativity.    

  WHAT STRATEGIES DOES THE 
RESEARCH SUGGEST? 

 In this section we offer (1) a set of strategies to help instructors 
determine the extent and quality of students ’  prior knowledge, 
relative to the learning requirements of a course. We then provide 
strategies instructors can employ to (2) activate students ’  relevant 
prior knowledge, (3) address gaps in students ’  prior knowledge, 
(4) help students avoid applying prior knowledge in the wrong 
contexts, and (5) help students revise and rethink inaccurate 
knowledge. 

  Methods to Gauge the Extent and Nature of 
Students ’  Prior Knowledge 

  Talk to Colleagues     As a starting point for fi nding out what 
prior knowledge students bring to your course, talk to colleagues 
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who teach prerequisite courses or ask to see their syllabi and 
assignments. This can give you a quick sense of what material was 
covered, and in what depth. It can also alert you to differences in 
approach, emphasis, terminology, and notation so that you can 
address potential gaps or discrepancies. Remember, though, that 
just because the material was taught does not mean that students 
necessarily learned it. To get a better sense of students ’  knowledge, 
as well as their ability to apply it, you might also ask your col-
leagues about students ’  profi ciencies: for example, what concepts 
and skills did students seem to master easily? Which ones did they 
struggle with? Did students seem to hold any systematic and per-
vasive misconceptions? This kind of information from colleagues 
can help you design your instructional activities so they effectively 
connect to, support, extend, and, if needed, correct, students ’  
prior knowledge.  

  Administer a Diagnostic Assessment     To fi nd out what rele-
vant knowledge students possess coming into your course, con-
sider assigning a short, low - stakes assessment, such as a quiz or 
an essay, at the beginning of the semester. Students ’  performance 
on this assignment can give you a sense of their knowledge of 
prerequisite facts and concepts, or their competence in various 
skills. For example, if your course requires knowledge of a techni-
cal vocabulary and basic calculus skills, you could create a short 
quiz asking students to defi ne terms and solve calculus problems. 
You can mark these assignments individually to get a sense of the 
skill and knowledge of particular students, or simply look them 
over as a set to get a feel for students ’  overall level of preparedness. 
Another way to expose students ’  prior knowledge is by adminis-
tering a concept inventory. Concept inventories are ungraded 
tests, typically in a multiple - choice format, that are designed to 
include incorrect answers that help reveal common misconcep-
tions. Developing a concept inventory of your own can be time -
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 intensive, so check the Internet to see whether there are inventories 
already available in your discipline that would suit your needs. A 
number of concept inventories have been widely used and have 
high validity and reliability.  

  Have Students Assess Their Own Prior Knowledge     In some 
fi elds and at some levels of expertise, having students assess their 
own knowledge and skills can be a quick and effective — though 
not necessarily foolproof — way to diagnose missing or insuffi cient 
prior knowledge. One way to have students self - assess is to create 
a list of concepts and skills that you expect them to have coming 
into your course, as well as some concepts and skills you expect 
them to acquire during the semester. Ask students to assess their 
level of competence for each concept or skill, using a scale that 
ranges from cursory familiarity ( “ I have heard of the term ” ) to 
factual knowledge ( “ I could defi ne it ” ) to conceptual knowledge 
( “ I could explain it to someone else ” ) to application ( “ I can use it 
to solve problems ” ). Examine the data for the class as a whole in 
order to identify areas in which your students have either less 
knowledge than you expect or more. In either case, this infor-
mation can help you recalibrate your instruction to better 
meet student needs. See  Appendix A  for more information about 
student self - assessments.  

  Use Brainstorming to Reveal Prior Knowledge     One way to 
expose students ’  prior knowledge is to conduct a group brain-
storming session. Brainstorming can be used to uncover beliefs, 
associations, and assumptions (for example, with questions such 
as  “ What do you think of when you hear the word  evangelical ? ” ). 
It can also be used to expose factual or conceptual knowledge 
( “ What were some of the key historical events in the Gilded Age? ”  
or  “ What comes to mind when you think about environmental 
ethics? ” ), procedural knowledge ( “ If you were going to do a 
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research project on the Farm Bill, where would you begin? ” ), or 
contextual knowledge ( “ What are some methodologies you could 
use to research this question? ” ). Bear in mind that brainstorming 
does not provide a systematic gauge of students ’  prior knowledge. 
Also, be prepared to differentiate accurate and appropriately 
applied knowledge from knowledge that is inaccurate or inap-
propriately applied.  

  Assign a Concept Map Activity     To gain insights into what 
your students know about a given subject, ask them to construct 
a concept map representing everything that they know about the 
topic. You can ask students to create a concept map (see  Appendix 
B ), representing what they know about an entire disciplinary 
domain (for example, social psychology), a particular concept (for 
instance, Newton ’ s third law), or a question (for example,  “ What 
are the ethical issues with stem cell research? ” ). Some students 
may be familiar with concept maps, but others may not be, so be 
sure to explain what they are and how to create them (circles for 
concepts, lines between concepts to show how they relate). There 
are a number of ways to construct concept maps, so you should 
give some thought to what you are trying to ascertain. For instance, 
if you are interested in gauging students ’  knowledge of concepts 
as well as their ability to articulate the connections among them, 
you can ask students to generate both concepts and links. But 
if you are primarily interested in students ’  ability to articulate the 
connections, you can provide the list of concepts and ask students 
to arrange and connect them, labeling the links. If there are par-
ticular kinds of information you are looking for (for example, 
causal relationships, examples, theoretical orientations) be sure to 
specify what you want. Review the concept maps your students 
create to try to determine gaps in their knowledge, inappropriate 
links, and the intrusion of lay terms and ideas that may indicate 
the presence of na ï ve theories or preconceptions.  
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  Look for Patterns of Error in Student Work     Students ’  mis-
conceptions tend to be shared and produce a consistent pattern 
of errors. You (or your TAs or graders) can often identify these 
misconceptions simply by looking at students ’  errors on home-
work assignments, quizzes, or exams and noting commonalities 
across the class. You can also keep track of the kinds of problems 
and errors that students reveal when they come to offi ce hours or 
as they raise or answer questions during class. Paying attention to 
these patterns of error can alert you to common problems and 
help you target instruction to correct misconceptions or fi ll gaps 
in understanding. Some instructors use classroom response 
systems (also called  “ clickers ” ) to quickly collect students ’  answers 
to concept questions posed in class. Clickers provide an instant 
histogram of students ’  answers and can alert instructors to areas 
of misunderstanding that might stem from insuffi cient prior 
knowledge.   

  Methods to Activate Accurate Prior Knowledge 
  Use Exercises to Generate Students ’  Prior Knowledge     
Because students learn most effectively when they connect new 
knowledge to prior knowledge, it can be helpful to begin a lesson 
by asking students what they already know about the topic in 
question. This can be done any number of ways, such as by asking 
students to brainstorm associations or create a concept map. Once 
students have activated relevant prior knowledge in their heads, 
they are likely to be able to integrate new knowledge more suc-
cessfully. However, since activities like this can generate inaccurate 
and inappropriate as well as accurate and relevant knowledge, you 
should be prepared to help students distinguish between them.  

  Explicitly Link New Material to Knowledge from Previous 
Courses     Students tend to compartmentalize knowledge by 
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course, semester, professor, or discipline. As a result, they may not 
recognize the relevance of knowledge from a previous course to a 
new learning situation. For example, students who have learned 
about the concept of variability in a statistics course often do not 
bring that knowledge to bear on the concept of volatility in a 
fi nance course both because of the difference in terminology and 
because they do not see the link between the two contexts. 
However, if you make the connection between variability and vola-
tility explicit, it allows students to tap into that prior knowledge 
and build on it productively.  

  Explicitly Link New Material to Prior Knowledge from Your 
Own Course     Although we often expect students to automati-
cally link what they are learning to knowledge gained earlier in 
the same course, they may not do so automatically. Thus, it is 
important for instructors to highlight these connections. 
Instructors can help students activate relevant prior knowledge by 
framing particular lectures, discussions, or readings in relation to 
material learned previously in the semester. For example, in a liter-
ary theory course, the professor might begin class by saying,  “ In 
Unit 2 we discussed feminist theory. Today we are going to talk 
about a school of thought that grew out of feminist theory. ” ) 
Sometimes all it takes to activate students ’  relevant prior knowl-
edge is a slight prompt, such as:  “ Think back to the research 
design Johnson used in the article from last week ”  or  “ Where have 
we seen this phenomenon before? ”  Students can also be encour-
aged to look for connections within course materials in other 
ways. For example, the instructor can ask students to write refl ec-
tion papers that connect each reading to other readings and to 
larger themes in the course. Also, discussions provide an ideal 
opportunity to elicit students ’  knowledge from earlier in the 
semester and to link it to new material.  
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  Use Analogies and Examples That Connect to Students ’  
Everyday Knowledge     Examples or analogies that draw on 
students ’  everyday lives and the wider world make new material 
more understandable and create more robust knowledge repre-
sentations in students ’  minds. For example, an instructor could 
draw on students ’  memories from childhood and experiences 
with younger siblings to help them understand concepts in 
child development. Similarly, an instructor could use students ’  
experiences with the physical world to introduce concepts such as 
force and acceleration. Analogies are also useful for connecting 
new knowledge to prior knowledge. For example, students ’  experi-
ence with cooking can be enlisted to help them understand scien-
tifi c processes such as chemical synthesis (just as in cooking, 
when you mix or heat chemicals, you need to know when preci-
sion is and is not critical). Students often show more sophisti-
cated reasoning when working in familiar contexts, and we can 
build on their knowledge from these contexts as we explore new 
material.  

  Ask Students to Reason on the Basis of Relevant Prior 
Knowledge     Often students have prior knowledge that could 
help them reason about new material and learn it more deeply. 
Thus, it can be useful to ask students questions that require them 
to use their prior knowledge to make predictions about new infor-
mation before they actually encounter it. For example, before 
asking students to read an article from the 1970s, you might ask 
them what was going on historically at the time that might have 
informed the author ’ s perspective. Or when presenting students 
with a design problem, you might ask them how a famous designer, 
whose work they know, might have approached the problem. This 
requires students not only to draw on their prior knowledge but 
also to use it to reason about new knowledge.   
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  Methods to Address Insu!  cient Prior Knowledge 
  Identify the Prior Knowledge You Expect Students to 
Have     The fi rst step toward addressing gaps in students ’  prior 
knowledge is recognizing where those gaps are. This requires iden-
tifying in your own mind the knowledge students will need to 
have to perform effectively in your course. To identify what the 
prior knowledge requirements are for your class, you might want 
to begin by thinking about your assignments, and ask yourself, 
 “ What do students need to know to be able to do this? ”  Often 
instructors stop short of identifying all the background knowl-
edge students need, so be sure to continue asking the question 
until you have fully identifi ed the knowledge requirements for 
the  tasks  you  have  assigned.  Be  sure  to  differentiate  declara  -
tive (knowing what and knowing why) from procedural knowl -
edge (knowing how and knowing when), recognizing that just 
because students know facts or concepts does not mean they will 
know how to use them, and just because students know how to 
perform procedures does not mean that they understand what 
they are doing or why. (See  “ Strategies to Expose and Reinforce 
Component Skills ”  in Chapter Four.)  

  Remediate Insuffi cient Prerequisite Knowledge     If prior 
knowledge assessments (as discussed in previous strategies) indi-
cate critical gaps in students ’  prior knowledge relative to the learn-
ing requirements of your course, there are a number of possible 
responses depending on the scale of the problem and the resources 
and options available to you and to your students. If only a few 
students lack important prerequisite knowledge, one option that 
might be open to you is simply to advise them against taking the 
course until they have the necessary background. Alternatively, if 
a small number of students lacks prerequisite knowledge but 
seem capable of acquiring it on their own, you might consider 
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providing these students with a list of terms they should know 
and skills they should have and letting them fi ll in the gaps on 
their own time. If a larger number of students lacks suffi cient 
prior knowledge in a key area, you might decide to devote one or 
two classes to a review of important prerequisite material or (if it 
is applicable) ask your teaching assistant to run a review session 
outside class time. If a sizable proportion of your class lacks 
knowledge that is a critical foundation for the material you 
planned to cover, you may need to revise your course altogether 
so that it is properly aligned with your students ’  knowledge and 
skills. Of course, if your course is a prerequisite for other courses, 
such fundamental revisions may have broader implications, which 
may need to be addressed at a departmental level through a dis-
cussion of objectives and course sequencing.   

  Methods to Help Students Recognize 
Inappropriate Prior Knowledge 

  Highlight Conditions of Applicability     It is important to help 
students see when it is and is not appropriate to apply prior 
knowledge. For example, a statistics instructor might explain that 
a regression analysis can be used for quantitative variables but not 
for qualitative variables, or a biology instructor might instruct 
students to save their expressive writing for other courses and 
instead write lab reports that focus on conciseness and accuracy. 
If there are no strict rules about when prior knowledge is appli-
cable, another strategy is to present students with a range of prob-
lems and contexts and ask them to identify whether or not a given 
skill or concept is applicable and to explain their reasoning.  

  Provide Heuristics to Help Students Avoid Inappropriate 
Application of Knowledge     One strategy to help students avoid 
applying their prior knowledge inappropriately is to provide them 
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with some rules of thumb to help them determine whether their 
knowledge is or is not relevant. For example, when students are 
encountering different cultural practices and might be tempted 
to assess them according to their own cultural norms, you might 
encourage them to ask themselves questions such as  “ Am I making 
assumptions based on my own cultural knowledge that may not 
be appropriate here? If so, what are those assumptions, and where 
do they come from? ”  By the same token, if you know of situations 
in which students frequently get confused by the intrusion of 
prior knowledge (for example, students ’  understanding of nega-
tive reinforcement in the second story at the beginning of this 
chapter), you might want to provide them with a rule of thumb 
to help them avoid that pitfall. For example, an instructor teach-
ing classical learning theory could advise his students,  “ When you 
see  ‘ negative ’  in the context of negative reinforcement, think of 
subtraction. ”   

  Explicitly Identify Discipline - Specifi c Conventions     It is 
important to clearly identify the conventions and expectations of 
your discipline so that students do not mistakenly apply the con-
ventions of other domains about which they know more. For 
example, students may have experience with writing from a science 
course (lab reports), from a history course (analytical paper), or 
from an English course (personal narrative), so when they take a 
public policy course they may not know which set of knowledge 
and skills is the appropriate one to build on. It is important 
to explicitly identify the norms you expect them to follow. Without 
explicit guidance, students may analogize from other experiences 
or fi elds that they feel most competent in, regardless of whether 
the experiences are appropriate in the current context.  

  Show Where Analogies Break Down     Analogies can help stu-
dents learn complex or abstract concepts. However, they can be 
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problematic if students do not recognize their limits. Thus, it is 
important to help students recognize the limitations of a given 
analogy by explicitly identifying (or asking students to identify) 
where the analogy breaks down. For example, you might point 
out that although the digestive system is similar to plumbing in 
that it involves tube - like organs and various kinds of valves, it is 
far more complex and sensitive than any ordinary plumbing 
system.   

  Methods to Correct Inaccurate Knowledge 
  Ask Students to Make and Test Predictions     To help students 
revise inaccurate beliefs and fl awed mental models ask them to 
make predictions based on those beliefs and give them the oppor-
tunity to test those predictions. For example, physics students 
with an inaccurate understanding of force could be asked to make 
predictions about how forces will act on stationary versus moving 
objects. Being confronted with evidence that contradicts students ’  
beliefs and expectations can help them see where their knowledge 
or beliefs are incorrect or inadequate, while motivating them to 
seek knowledge that accounts for what they have seen. Predictions 
can be tested in experiments, in or outside a laboratory environ-
ment, or through the use of computer simulations.  

  Ask Students to Justify Their Reasoning     One strategy to 
guide students away from inaccurate knowledge is to ask them 
to reason on the basis of what they believe to be true. When stu-
dents ’  reasoning reveals internal contradictions, it can bring them 
to the point where they seek accurate knowledge. A caveat to this 
approach is that students may not necessarily see those internal 
contradictions. Moreover, if their attitudes and beliefs are very 
deeply held (for example, religious beliefs that defy logical argu-
ment), these contradictions may have little effect.  
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  Provide Multiple Opportunities for Students to Use Accurate 
Knowledge     Misconceptions can be hard to correct in part 
because they have been reinforced through repeated exposure. 
Thus, replacing inaccurate knowledge with accurate knowledge 
requires not just introducing accurate knowledge but also provid-
ing multiple opportunities for students to use it. Repeated oppor-
tunities to apply accurate knowledge can help counteract the 
persistence of even deeply held misconceptions.  

  Allow Suffi cient Time     It is easier for students to fall back on 
deeply held misconceptions than to employ the reasoning neces-
sary to overcome them. Therefore, when you are asking students 
to use new knowledge that requires a revision or rethinking of 
their prior knowledge, it can be helpful to minimize distractions 
and allow a little extra time. This can help students enlist the 
cognitive resources necessary to identify fl aws in their knowledge 
or reasoning and instead to consciously employ more thoughtful, 
critical thinking.    

  SUMMARY 

 In this chapter we have examined the critical role of prior knowl-
edge in laying the groundwork for new learning. We have seen 
that if students ’  prior knowledge has gaps and insuffi ciencies it 
may not adequately support new knowledge. Moreover, if prior 
knowledge is applied in the wrong context, it may lead students 
to make faulty assumptions or draw inappropriate parallels. In 
addition, inaccurate prior knowledge — some of which can be sur-
prisingly diffi cult to correct — can both distort students ’  under-
standing and interfere with incoming information. Consequently, 
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a critical task for us as instructors is to assess what students know 
and believe so we can build on knowledge that is accurate and 
relevant, fi ll in gaps and insuffi ciencies where they exist, help stu-
dents recognize when they are applying prior knowledge inap-
propriately, and help students revise inaccurate knowledge and 
form more accurate and robust mental models.    
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  C H A P T E R  2 

  How Does the Way 
Students Organize 
Knowledge A! ect 
Their Learning?              

     That Didn ’ t Work Out the Way I Anticipated 
 For the past 12 years, I ’ ve taught the introductory Art History 
course. I present the material using a standard approach. 
That is, I begin with an introductory description of key terms 
and concepts, including a discussion of the basic visual 
elements (line, color, light, form, composition, space). Then, 
for each of the remaining 40 class sessions, I show slides of 
important works, progressing chronologically from prehistoric 
Europe to rather recent pieces. As I go, I identify important 
features that characterize each piece and point out 
associations among various movements, schools, and periods. 
I give a midterm and a fi nal exam during which I present 
slides and ask students to identify the title of the work, the 
artist, the school, and the period in which it was produced. 
While the students seem to enjoy the class sessions, they 
complain about the amount of material they must memorize 
for the exams. I know there are a lot of individual pieces, but 
they naturally cluster by period, school, and technique. Once 
you categorize a work according to those groupings, it should 
be fairly easy to remember. Nevertheless, the students seem to 
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  WHAT IS GOING ON IN THESE TWO STORIES? 

 Although the content of the courses in these two stories differs 
substantially, the two instructors have similar goals. They want 
their students to develop a deep, functional understanding of a 

be having a lot of diffi culty in my exams identifying even some 
of the most important pieces. 

  Professor Rachel Rothman   

  There Must Be a Better Way! 
 Anatomy and Physiology is one of the core courses required 
for our nursing, pre - med, and pharmacy students. The course 
is organized around the major systems of the body and 
requires students to identify and describe the location and 
function of the major organs, bones, muscles, and tissues in 
the body. On the whole, students attend the lectures and labs 
consistently, and most of them appear to work really hard. 
Indeed, I often fi nd them in the student lounge poring over 
their notes or quizzing each other in order to memorize all the 
individual structures. With a lot of work, they learn to identify 
most of the parts of the human body and can describe the 
role of each part in its body system. However, when asked to 
explain the relationships among parts or higher - order 
principles that cut across systems, the students often fall 
apart. For example, on the last exam I asked them to identify 
and describe all the structures involved in the regulation of 
blood pressure. To my surprise, most of the students were 
unable to answer the question correctly. I just don ’ t get it — 
they know all the parts, but when it comes to how those parts 
fi t together, they have a really diffi cult time. 

  Professor Anand Patel    
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multifaceted, complex domain. In the fi rst story, the domain is 
the accumulated corpus of artistic expression created by humans 
over the past 30,000 years. In the second story, the domain is the 
complex array of organs, systems, and interacting parts that make 
up the human body. Each domain comprises many individual 
elements, and each element — be it a bone in the wrist or Picasso ’ s 
 Guernica  — is related to other elements in important ways. Knowing 
about these elements but also having a meaningful picture of how 
they are related to each other is critical to deep understanding. In 
each of the stories, however, the students appear to lack a suffi -
ciently coherent, organized representation of the material, which 
impedes their learning and performance. 

 In the fi rst story, Professor Rothman provides her students 
with the concepts and vocabulary to analyze the visual elements 
in works of art and to make connections across various artists, 
schools, and periods. Then, for the rest of the semester she pre-
sents works of art in chronological order, referring to the key 
features of each piece of art she presents. It appears, however, that 
mentioning these features in relation to individual works was not 
suffi cient to enable her students to see deeper relationships and 
make broader connections among clusters of works. That is, while 
these relationships and comparisons are natural to Professor 
Rothman, providing her with an easy way to group and organize 
the factual information, her students may not have made the 
same connections. Instead, they may have latched onto chronol-
ogy as the prominent organizing principle for the material and 
hence organized their knowledge along a time line. Because this 
chronological structure for organizing knowledge entails remem-
bering a great number of isolated facts, without any other over-
arching organizational structure to facilitate information retrieval 
and use, these students may be struggling (and largely failing) to 
memorize what they need to know for the exam. 
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 In the second story, Professor Patel ’ s students have knowl-
edge of the individual parts of the human body, but this knowl-
edge does not translate into an understanding of how those parts 
are functionally related to one another. One reason for this may 
be that students have organized their knowledge much the same 
way as a standard Anatomy and Physiology textbook: according 
to the major body systems (for example, the skeletal system, the 
digestive system, the circulatory system). If Professor Patel ’ s stu-
dents have organized their knowledge around discrete parts of the 
body, it could have several effects on their ability to use this infor-
mation. If these students were asked to name the major bones of 
the hand or the function of the pancreas, they would probably 
have little diffi culty, since such questions mesh well with how 
they have organized the information. However, to answer Professor 
Patel ’ s question about how various structures work together to 
regulate blood pressure, these students would need an alternative 
way to organize their knowledge — one including the functional 
relationships that cut across multiple systems, not simply parts 
in isolation. In other words, the way these students have organized 
their knowledge facilitates one kind of use, but it is not suffi -
ciently fl exible to support the demands of all the tasks they face.  

  WHAT PRINCIPLE OF LEARNING IS 
AT WORK HERE? 

 As experts in our fi elds, we create and maintain, often uncon-
sciously, a complex network that connects the important facts, 
concepts, procedures, and other elements within our domain. 
Moreover, we organize our domain knowledge around meaning-
ful features and abstract principles. In contrast, most of our stu-
dents have not yet developed such connected or meaningful ways 



How Learning Works

44

of organizing the information they encounter in our courses. Yet 
how they organize their knowledge has profound implications for 
their learning, a point that is highlighted in our next principle.     

  Principle:  How students organize knowledge infl uences how 
they learn and apply what they know.   

 When we talk about the way people organization their 
knowledge (or, for the sake of simplicity, their  knowledge organiza-
tions ), we are not talking about particular pieces of knowledge, but 
rather how those pieces are arranged and connected in an indi-
vidual ’ s mind. Knowledge can be organized in ways that either do 
or do not facilitate learning, performance, and retention. 

 As an illustration, consider two students who are asked to 
identify the date when the British defeated the Spanish Armada 
(National Research Council,  2001 ). The fi rst student tells us that 
the battle happened in 1588, and the second says that he cannot 
remember the precise date but thinks it must be around 1590. 
Given that 1588 is the correct answer for this historical date, the 
fi rst student appears to have more accurate knowledge. Suppose, 
however, that we probe the students further and ask how they 
arrived at their answers. The fi rst student then says that he memo-
rized the correct date from a book. In contrast, the second stu-
dents says that he based his answer on his knowledge that the 
British colonized Virginia just after 1600 and on the inference 
that the British would not dare organize massive overseas voyages 
for colonization until navigation was considered safe. Figuring 
that it took about 10 years for maritime traffi c to be properly 
organized, he arrived at his answer of 1590. 

 These students ’  follow - up answers reveal knowledge organi-
zations of different quality. The fi rst student has learned an iso-
lated fact about the Spanish Armada, apparently unconnected in 
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his mind to any related historical knowledge. In contrast, the 
second student seems to have organized his knowledge in a much 
more interconnected (and causal) way that enabled him to reason 
about the situation in order to answer the question. The fi rst 
student ’ s sparse knowledge organization would likely not offer 
much support for future learning, whereas the second student ’ s 
knowledge organization would provide a more robust foundation 
for subsequent learning. 

 Although the two students in this example are both relative 
novices, the differences in their knowledge organizations corre-
spond, in very rough terms, to the differences between novices and 
experts. As illustrated in Figure  2.1 , novice and expert knowledge 

     Figure 2.1.     Differences in How Experts and Novices Organize 
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organizations tend to differ in two key ways: the degree to which 
knowledge is sparsely versus richly connected, and the extent to 
which those connections are superfi cial versus meaningful. 
Although students often begin with knowledge organizations 
that are sparse and superfi cial, effective instruction can help them 
develop more connected and meaningful knowledge organiza-
tions that better support their learning and performance. Indeed, 
the second student in the example above shows progression in 
this direction.    

  WHAT DOES THE RESEARCH TELL US ABOUT 
KNOWLEDGE ORGANIZATION? 

 As a starting point for understanding how knowledge organiza-
tions differ and the consequences of those differences, it helps 
to consider how knowledge organizations develop. This is 
addressed in the section below. The remaining sections then elab-
orate on two important ways that experts ’  and novices ’  knowledge 
organizations differ and review research that suggests how novices 
can develop knowledge organizations that better facilitate 
learning. 

  Knowledge Organization: Form Fits Function 
 People naturally make associations based on patterns they experi-
ence in the world. For instance, we tend to build associations 
between events that occur in temporal contiguity (for example, a 
causal relationship between fl ipping the switch and a light turning 
on), between ideas that share meaning (for example, a conceptual 
relationship between fairness and equality), and between objects 
that have perceptual similarities (for example, a category - member 
relationship between a ball and a globe). As these associations 
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build up over time, larger and more complex structures emerge 
that refl ect how entire bodies of knowledge are organized in a 
person ’ s mind. 

 The way people organize their knowledge tends to vary as a 
function of their experience, the nature of their knowledge, and 
the role that that knowledge plays in their lives. As a case in point, 
consider how people in different cultures classify family members. 
The terms they use provide a window into how a culture organizes 
standard kinship knowledge. In the United States, for example, 
we typically employ different terms to distinguish our parents 
from their siblings (in other words,  “ mother ”  and  “ father ”  are 
distinguished from  “ uncle ”  and  “ aunt ” ). This linguistic distinc-
tion — which seems natural and inevitable to many of us — corre-
sponds to the special role of the nuclear family in U.S. society. 
However, in a number of cultures that are organized around 
extended families, mother/aunt and father/uncle share the same 
kinship term (for example, Levi - Strauss,  1969 ; Stone,  2000 ). This 
is because mothers and aunts (and similarly, fathers and uncles) 
occupy similar functional roles in these children ’ s lives. As an 
example in the other direction, notice that most people in the 
United States do not use different kinship terms for paternal 
versus maternal uncles (and aunts). Because these categories of 
family members do not have functionally distinct roles in family 
life, there is no need to distinguish them linguistically. However, 
in some cultures maternal and paternal uncles and aunts have 
divergent roles (for example, the disciplinarian paternal uncle 
versus the indulgent maternal uncle), and in those cases a linguis-
tic distinction is made, indicating these relatives are in function-
ally different categories. As this example suggests, in cultures that 
need to distinguish among particular categories of family 
members, the language — and, by inference, typical knowledge 
organizations — will refl ect that need for differentiation. This 
points to the fact that knowledge organizations develop in the 
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context of use, thus providing ways of grouping and classifying 
knowledge that serve practical functions. 

 This example of kinship terminology highlights the point 
that no organizational structure is necessarily better or more 
 “ correct ”  than another. Instead, it is more appropriate to think of 
knowledge organizations as well or poorly matched to a given 
situation. After all, a system of organizing kinship that collapses 
 “ father ”  and  “ uncle ”  into a single category would be potentially 
confusing in a society in which the difference between these types 
of family members mattered, but reasonable in a society in 
which the difference was unimportant. In fact, research has found 
that the usefulness of knowledge organizations depends on the 
tasks they need to support. In a study by Eylon and Reif  (1984) , 
high school students learned material on a topic in modern 
physics. Half of the students learned the material according to a 
historical framework, and the other half learned the same material 
but according to physics principles. Then the two groups of stu-
dents were asked to complete various tasks that drew upon what 
they had just learned. These tasks fell into two categories: tasks 
that required accessing information according to historical 
periods versus according to physical principles. Not surprisingly, 
students performed better when their knowledge organization 
matched the requirements of the task, and they performed worse 
when it mismatched. 

 A similar mismatch between knowledge organization and 
task demands is likely to be part of the problem Professor Patel 
describes in the second story at the beginning of this chapter. The 
students in the Anatomy and Physiology course appear to have 
organized their knowledge of anatomy around separate body 
systems. Whereas this mode of knowledge organization would 
facilitate performance on tasks that emphasize intra - system rela-
tionships, it may not help students answer questions focused on 
functional relationships that involve the interaction of systems. 
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  Implications of This Research     Because knowledge organiza-
tions develop to support the tasks being performed, we should 
refl ect on what activities and experiences students are engaging in 
to understand what knowledge organizations they are likely to 
develop. And because knowledge organizations are most effective 
when they are well matched to the way that knowledge needs to be 
accessed and used, we should consider the tasks students will 
be asked to perform in a given course or discipline in order to iden-
tify what knowledge organizations would best support those tasks. 
Then we can foster the ways of organizing knowledge that will 
promote students ’  learning and performance.   

  Experts ’  Versus Novices ’  Knowledge 
Organizations: The Density of Connections 

 One important way experts ’  and novices ’  knowledge organiza-
tions differ is in the number or density of connections among the 
concepts, facts, and skills they know. Figure  2.2  shows a variety of 
organizational structures that differ in regard to the connections 
that exist among pieces of knowledge. In each panel, pieces of 
knowledge are represented by nodes, and relationships between 
them are represented by links.   

 If we look at panels A and B, we see knowledge organizations 
that are fairly typical of novices in that they show few connections 
among nodes. The sparseness of links among components in 
panel A, for instance, probably indicates that the students have 
not yet developed the ability to recognize relationships among 
pieces of knowledge. This kind of organization might be found in 
a situation in which students absorb the knowledge from each 
lecture in a course without connecting the information to other 
lectures or recognizing themes that cut across the course as a 
whole. Such relatively disconnected knowledge organizations can 
impede student learning in several ways. First, if students lack a 
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strongly connected network their knowledge will be slower and 
more diffi cult to retrieve (Bradshaw  &  Anderson,  1982 ; Reder  &  
Anderson,  1980 ; Smith, Adams,  &  Schorr,  1978 ). Moreover, if 
students do not make the necessary connections among pieces of 
information, they may not recognize or seek to rectify contradic-
tions. For example, DiSessa  (1982)  has repeatedly shown that 
students whose knowledge of physics is disconnected and lacks 
coherence can simultaneously hold and use contradictory propo-
sitions about the movement of physical objects without noticing 
the inconsistencies. 

 Panel B of Figure  2.2  is similar to panel A in that it has rela-
tively sparse connections, but its connections are arranged in the 
form of a chain of associations. Although this structure affords 
the sequential access of information (potentially useful for remem-
bering the stanzas of a poem or the steps of a procedure), it can 
lead to diffi culties if one link in the chain is broken, or if some 

     Figure 2.2.     Examples of Knowledge Organizations  
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deviation from the specifi ed sequence is required (Catrambone, 
 1995, 1998 ). Moreover, the more nodes linked in such a simple 
chain, the slower and more diffi cult it is on average to traverse 
from one piece of knowledge to another. Professor Rothman ’ s 
students are a case in point: because their knowledge of art history 
appears to be organized along a time line, they must try to remem-
ber each work of art in relation to the one before and after it on 
the time line, a potentially diffi cult memory task. 

 In contrast, panels C and D correspond to knowledge orga-
nizations that are more typical of experts. Panel C shows knowl-
edge that is organized hierarchically, indicating an understanding 
of how various pieces of information fi t within a complex struc-
ture. An example would be the way an expert distinguishes theo-
retical schools within her discipline, the scholars whose work falls 
within each of these schools, and the particular books and articles 
that exemplify each scholar ’ s work. However, because not all 
information can be represented as a set of tidy, discrete hierar-
chies, panel D shows an even more highly connected knowledge 
structure with additional links that indicate cross - referencing or 
suggest where strict hierarchies might break down. 

 These more complex and highly connected knowledge struc-
tures allow experts to access and use their knowledge more effi -
ciently and effectively. Indeed, research has shown that experts 
tend to automatically process information in coherent chunks 
based on their prior knowledge and then use these chunks to 
build larger, more interconnected knowledge structures. The 
power of such highly connected knowledge organizations is illus-
trated in a classic study by Ericsson, Chase, and Faloon  (1980) . 
This study (and others that followed it, such as Ericsson  &  
Staszewski,  1989 ) documented how college students with ordi-
nary memories could develop an ability to recall amazingly long 
sequences of digits by organizing what they were learning into a 
multilevel hierarchical structure, much like that in panel C. 
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Because these students happened to be competitive runners, they 
were able to translate four - digit subsequences into famous 
running times (for example, the digits  “ 3432 ”  might be remem-
bered as  “ 34:32, the world record for . . . ” ). This strategy, called 
 chunking , enabled four digits to be remembered instead of a single, 
familiar chunk of knowledge. This initial strategy for organizing 
the to - be - remembered digits increased their ability to recall 
from seven digits to almost thirty. But what really boosted their 
memory performance was organizing these four - digit chunks into 
larger groups consisting of three or four chunks, and then orga-
nizing these multichunk groups hierarchically into higher - level 
groupings, up to the point where one participant was able to recall 
up to 100 digits without any external memory aids! In other 
words, by creating a highly organized knowledge structure for 
remembering digits, they were able to develop exceptional memory 
ability and recall a great deal of information. 

 Although the study above focuses on simple recall, it never-
theless suggests that organizing knowledge in a sophisticated, 
interconnected structure — as experts tend to do — can radically 
increase one ’ s ability to access that information when one needs 
it. Professor Rothman (from the fi rst story at the beginning of this 
chapter) serves as a good illustration. Her own expert knowledge 
of art history appears to be arranged in an interconnected, hierar-
chical structure — much like the organization in Figure  2.2 , panel 
C — with links among facts (for example, dates, artists ’  names, and 
the titles of various works) and related knowledge (of artistic 
movements and historical periods, among other things). This 
hierarchical organization of knowledge allows her to access the 
information she needs easily. The only problem is that she expects 
her students — who lack an analogous organizational structure — to 
be able to do the same. Instead, they struggle to remember an 
unwieldy set of isolated facts without an organizational structure 
to hold them. 
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 Although students may not possess the highly connected 
knowledge organizations that their instructors possess, they can 
develop more sophisticated knowledge organizations over time. 
Indeed, research suggests that when students are provided with a 
structure for organizing new information, they learn more and 
better. For example, one classic study (Bower et al.,  1969 ) demon-
strated that students who were asked to learn a long list of items 
(various minerals) performed 60 to 350 percent better when they 
were given category information to help them organize the items 
into a hierarchy (metals versus stones as the main categories and 
several subcategories under each). Similarly, students show greater 
learning gains when they are given an  advance organizer , that is, a 
set of principles or propositions that provide a cognitive structure 
to guide the incorporation of new information (Ausubel,  1960, 
1978 ). Indeed, researchers have demonstrated improvements in 
students ’  comprehension and recall from advance organizers that 
rely on familiar structures when they are presented in writing 
(Ausubel  &  Fitzgerald,  1962 ), orally (Alexander, Frankiewicz,  &  
Williams,  1979 ), or pictorially (Dean  &  Enemoh,  1983 ). These 
studies indicate that when students are provided with an organi-
zational structure in which to fi t new knowledge, they learn more 
effectively and effi ciently than when they are left to deduce this 
conceptual structure for themselves. 

 In fact, if we think back to the fi rst story at the beginning of 
the chapter, we can see applications for these approaches in 
Professor Rothman ’ s class. Professor Rothman ’ s students needed 
to learn and retrieve a great deal of factual information, yet prob-
ably lacked a hierarchical knowledge organization to help them 
organize this information for effi cient retrieval and use. As a 
result, they found the memorization task overwhelming. But 
imagine if Professor Rothman had provided her students with an 
organizational framework that helped them develop more con-
nections among pieces of knowledge, such as by giving them 
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a template for identifying the characteristics of important artistic 
schools and movements and categorizing each artist and work in 
relation to them. With their factual knowledge connected in 
more — and more meaningful — ways, the students may have found 
the memorization task less daunting and may have performed 
better on Professor Rothman ’ s exams and ultimately learned 
more art history. 

  Implications of This Research     As experts in our disciplines, we 
have developed highly connected knowledge organizations that 
help us retrieve and use information effectively. But we cannot 
reasonably expect students to have organized their knowledge in 
equally sophisticated ways. Instead, it is important that we recog-
nize the difference between expert and novice knowledge struc-
tures and provide structures that highlight to our students how 
we organize disciplinary knowledge and draw on it to perform 
particular tasks.   

  Experts ’  Versus Students ’  Knowledge Structures: 
The Nature of the Connections 

 Novices not only have more sparse knowledge organizations 
compared to experts, but the basis for their organizational struc-
tures also tends to be superfi cial. This affects their ability to 
remember and use what they learn effectively (Chi  &  VanLehn, 
 1991 ; Hinsley, Hayes,  &  Simon,  1977 ; Ross,  1987, 1989 ). Chi and 
colleagues  (1989)  demonstrated this in a study in which they 
asked physics novices and experts to group various problem 
descriptions into categories. The novices grouped problems accor-
ding to the superfi cial  “ looks ”  of their diagrams — for example, 
putting all the problems with pulleys in one group and all the 
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problems with ramps in another group. This way of organizing 
the different problems around surface features did not refl ect the 
structural relationships among problems, and thus did not facili-
tate successful problem solving for the novices. In contrast, the 
experts in this study organized the problems based on deeper and 
more meaningful features, such as the physical laws involved in 
solving each problem. Moreover, when talking through the ratio-
nale for their groupings, the experts revealed that sorting each of 
these problems into a category naturally triggered in their minds 
the solution template for how  “ problems like this ”  are solved. 
Thus, the experts ’  organizations were based on a set of deep fea-
tures that directly related to how they would go about solving the 
problems. 

 Experts ’  ability to classify information in more meaningful —
 and thus more practically useful — ways than novices is linked to 
their ability to recognize meaningful patterns. For example, 
DeGroot  (1965)  conducted a landmark study in which he showed 
novice and master chess players a chess board midgame and asked 
them to generate possible next moves. While both masters and 
novices considered a roughly equivalent number of possible 
moves, there were signifi cant differences in the quality of plays 
they considered: novices tended to choose from among a seem-
ingly random set of options, whereas experts spent their time 
weighing the pros and cons of a very select set of high - quality 
moves. From the large amount of research on chess expertise (see 
also Gobet  &  Charness,  2006 ; Chase  &  Simon,  1973a, 1973b ), it 
is clear that this difference stems from experts ’  vast experience 
analyzing chess situations and assessing possible strategies. As the 
result of this experience, they possess a highly developed knowl-
edge organization that allows them to immediately recognize 
meaningful board confi gurations and zero in on a set of high -
 quality moves. 
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 Indeed, experts ’  ability to see and instinctively respond to 
patterns not only helps them solve problems but also enhances 
their memory. Further research on chess has shown that experts 
can glance at a chessboard from a particular chess game situation 
and then take an empty board and replicate the exact positions of 
fi fteen or more of the pieces they just saw (Chase  &  Simon,  1973a, 
1973b ). This is not a result of superior memory, but rather a refl ec-
tion of the deep and intricate set of relationships they can see 
among pieces and that they automatically use during play. This 
ability among experts to immediately recognize and respond to 
patterns is not limited to chess but has been demonstrated among 
experts in many domains (Egan  &  Schwartz,  1979 ; Lesgold, et al., 
 1988 ; Soloway, Adelson,  &  Ehrlich,  1988 ). In one study, for 
example, skilled electronics technicians and novices were briefl y 
shown symbolic drawings of complex circuit diagrams and then 
asked to reconstruct the drawings from memory (Egan  &  Schwartz, 
 1979 ). The experts were able to reconstruct a far greater number 
of elements in the diagrams, even after seeing them for just a few 
seconds. The researchers attributed this superior recall to two 
things: the experts ’  ability to successfully characterize the entire 
diagram (as  “ some kind of power supply, ”  for example) and also 
to identify parts of each drawing that corresponded to recogniz-
able features, such as amplifi ers. They were then able to perceive 
the visual information from the diagrams in terms of these mean-
ingful confi gurations and use that knowledge organization to 
help them remember what they had seen. 

 In addition to organizing their knowledge around meaning-
ful features and patterns, experts have the benefi t of fl exibly using 
 multiple  knowledge organizations. A paleontologist ’ s knowledge 
of dinosaurs, for example, would not be organized around a single 
organizational hierarchy, but rather would include an interwoven 
web of classifi cations and connections based on geological age, 
habitat, eating habits, relation to modern - day reptiles, strategies 
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for self - protection, and so on. Likewise, a historian could draw on 
his or her knowledge in a way that is organized around theories, 
methodologies, time periods, topic areas, historical fi gures, or 
combinations of these. Novices, on the other hand, tend not to 
have as many alternative organizations to tap into. This difference 
between novice and expert representations is illustrated in the 
second story at the beginning of this chapter. As an expert in his 
fi eld, Professor Patel moves fl exibly among multiple ways of rep-
resenting the human body, such as according to body system  and  
according to common functions or higher - order principles. Thus, 
Professor Patel can use his knowledge in multiple ways, tapping 
into different knowledge organizations according to the need. His 
students, however, are more limited. 

 Obviously, developing the kinds of meaningfully connected 
knowledge organizations that experts possess takes time and 
experience. Most of our students are far from attaining that level 
of expertise. However, even novice students learn and remember 
more when they can connect information in meaningful ways. In 
one study that helps to illustrate this point, Bradshaw and 
Anderson  (1982)  asked college students to learn various facts 
about historical fi gures. They found that students learned the 
most when they were presented with facts that could be meaning-
fully related to one another. In other words, it was easier for stu-
dents to learn and retain multiple facts with a causal dimension 
(for example: Isaac Newton became emotionally unstable and 
insecure as a child, Newton ’ s father died when he was born, and 
Newton ’ s mother remarried and left him with his grandfather) as 
compared to a single, isolated fact. However, students only showed 
this advantage when there was a relationship among the multiple 
facts that allowed students to make meaningful connections. 
Thus, the learning advantage did not apply when the multiple 
facts were unrelated (for example: Isaac Newton became emotion-
ally unstable and insecure as a child, Newton was appointed 
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warden of the London mint, and Newton attended Trinity College 
in Cambridge). Research has also shown that there are instruc-
tional approaches that can help students organize their knowl-
edge meaningfully around deep, rather than superfi cial, features 
of the domain. For example, studies have shown that when stu-
dents are given problems that are already solved and are asked to 
explain the solution to themselves — thereby focusing on the prin-
ciples that guide the solution — they are better able to solve new 
problems (Chi et al.,  1989 ). Research also suggests that guiding 
students through a process of analogical reasoning helps students 
to see past superfi cial similarities and instead focus on deeper 
connections and relationships (for example, Gentner, Loewenstein, 
 &  Thompson,  2003 ; McDaniel  &  Donnelly,  1996 ). Similarly, when 
students are presented with and analyze contrasting cases, they 
are better prepared to learn from a lecture or reading assignment 
(Schwartz  &  Bransford,  1998 ). By engaging in such processes, 
students tend to build more effective knowledge organizations 
and learn and perform more effectively. 

  Implications of This Research     One implication of this 
research is to realize that, as experts in our domain, we may orga-
nize our knowledge in a way that is quite different from how our 
students organize theirs, and that our knowledge organization 
plays a signifi cant role in our  “ expert performance. ”  Given that 
students are likely to come up with knowledge organizations that 
are superfi cial and/or do not lend themselves to abstraction or 
problem solving, this suggests that, at least initially, we need to 
provide students with appropriate organizing schemes or teach 
them how to abstract the relevant principles from what they are 
learning. In addition, it means that we need to monitor how stu-
dents are processing what they are learning to make sure it gets 
organized in useful ways.    
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  WHAT STRATEGIES DOES THE 
RESEARCH SUGGEST? 

 The following strategies offer ways for instructors to assess their 
own knowledge organizations relative to students ’  and help stu-
dents develop more connected, meaningful, and fl exible ways of 
organizing their knowledge. 

  Strategies to Reveal and Enhance 
Knowledge Organizations 

  Create a Concept Map to Analyze Your Own Knowledge 
Organization     It can be diffi cult for experts to recognize how 
they organize their own knowledge, and thus diffi cult for them 
to communicate this organization to students. One way to 
make your own knowledge organization apparent to yourself is 
to create your own concept map. Concept mapping is a technique 
that helps people represent their knowledge organizations visu-
ally. (See Appendix  B  for more information on what concept 
maps are and how to create them.) Once you have produced your 
own concept map, the central organizing principles and key fea-
tures you use should be easier for you to recognize. You can then 
walk your students through your own concept map as a way of 
orienting them to the organizational structures in your domain 
and to illustrate the principles and features around which you 
want your students to organize their own knowledge.  

  Analyze Tasks to Identify the Most Appropriate Knowledge 
Organization     Different tasks draw on different kinds of knowl-
edge organizations. For example, a paper that asks students to 
analyze the theoretical perspectives of different authors may 
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require students to organize their knowledge around theories and 
the ways they shape research and writing, whereas a paper that 
requires students to analyze the impact of a historic event 
demands that they organize their knowledge around economic, 
political, and social factors. Thus, it can be helpful to analyze the 
tasks assigned to determine what kind of knowledge organization 
would best facilitate learning and performance. Then you might 
consider providing your students with a skeletal outline or tem-
plate for organizing their knowledge. For example, in the case of 
the theoretical paper described above, you might give students an 
empty table in which you ask them to identify different theoreti-
cal schools in one column, describe the key characteristics of each 
school in the next column, and list scholars whose work would 
fall into each in another column (including, perhaps, a column to 
list ways in which each scholars ’  work does not conform to the 
theoretical norm).  

  Provide Students with the Organizational Structure of the 
Course     Do not assume that your students, especially those who 
are new to the content area, will see the logical organization of the 
material you are presenting. They may not see basic relationships 
or category structures. Therefore, providing students with a view 
of the  “ big picture ”  that presents the key concepts or topics in 
your course and highlights their interrelationships can help stu-
dents see how the pieces fi t together. This organizational struc-
ture can be communicated in your syllabus in various ways: some 
instructors represent it visually (for example, through a fl ow chart 
or diagram) whereas others communicate it verbally. In addition 
to presenting and explaining this organization early in a course, 
periodically remind students of the larger organizational frame-
work and situate particular class days within it (for example,  “ If 
you ’ ll remember, the fi rst unit of this course focused on develop-
ing basic negotiation skills. Today we will be starting the second 
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unit, in which we will see how those skills apply to real world work 
situations. ” )  

  Explicitly Share the Organization of Each Lecture, Lab, or 
Discussion     Because students ’  knowledge organization guides 
their retrieval and use of information, it is especially benefi cial to 
help students create a useful organization as they are learning. To 
this end, providing an outline, agenda, or visual representation of 
each lecture, lab, or discussion session can give students a frame-
work for organizing the information they are about to learn. Not 
all outlines or agendas are equally effective for helping students 
develop meaningful and connected knowledge organizations, so 
be sure that the organizational structure you provide captures the 
critical concepts or principles around which you want students to 
organize the information from the class. (For example, an agenda 
that includes headings such as  “ Introduction, ”   “ Lecture, ”  
 “ Discussion, ”  and  “ Recap ”  is considerably less useful than an 
agenda entitled  “ Three rules to guide ethnographic fi eldwork, the 
reasons for these rules, and a discussion of their limitations. ” )  

  Use Contrasting and Boundary Cases to Highlight Organiz-
ing Features     To help students develop more sophisticated and 
nuanced ways of organizing knowledge, it can be useful to present 
contrasting cases, or two items that share many features but differ 
in critical ways. Although cases are often used in teaching, they 
tend to be most effective when presented not in isolation but 
rather with some compare - and - contrast analysis. A simple example 
would be a comparison of sharks and dolphins, which have many 
similarities but represent different classes of animals. Presenting 
two such cases together makes the differing features more salient 
and helps students develop deeper and more fi nely articulated 
knowledge structures (for example, instead of organizing animals 
superfi cially by habitat, they begin to organize them according to 
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other features: vertebrate versus nonvertebrate, warm - blooded 
versus cold - blooded, live births versus egg - laying, and so forth). 
Along the same lines, highlighting boundary cases or anomalies 
(or otherwise commonly misclassifi ed items) can help students 
identify the salient features of a particular category and develop 
more nuanced knowledge organizations. For example, the platy-
pus, as an egg - laying mammal, defi es some aspects of mammalian 
classifi cation while possessing other mammalian attributes. 
Pointing out cases like this focuses students on the critical ele-
ments of a particular classifi cation scheme. The use of anomalies 
also alerts students to the limitations of taxonomies themselves, 
which can encourage them to develop alternative knowledge 
organizations.  

  Explicitly Highlight Deep Features     In order to help students 
develop more meaningful and less superfi cial knowledge organi-
zations, highlight the deep features of problems, designs, theories, 
and examples. One way to do this is to provide examples of prob-
lems that share deep features but differ superfi cially, or examples 
of problems that are superfi cially similar but operate on different 
structural principles. The use of such comparisons can help stu-
dents become more adept at identifying underlying features and 
principles and thus teach them to organize their knowledge more 
meaningfully.  

  Make Connections Among Concepts Explicit     As you intro-
duce a new concept (or design, theory, example, or problem), 
explicitly connect it to others students have learned (for example, 
 “ You may remember encountering a similar situation in the case 
study we read last week ” ). The connections you draw do not always 
have to be similarities; they can also be contrasts or discrepancies 
(for example:  “ What makes this artist ’ s work so different from 
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other abstract expressionists? ” ). In addition to pointing out these 
connections yourself, it is important to ask questions that require 
students to make these connections themselves (for example: 
 “ Where have we seen this theoretical orientation before? ”   “ What 
aspects of this case are similar to or different from the labor man-
agement case we discussed yesterday? ”   “ What characteristics of 
this artist ’ s work are reminiscent of the Bauhaus approach? ” ).  

  Encourage Students to Work with Multiple Organizing 
Structures     To enable more fl exible application of knowledge, 
students need to develop multiple knowledge organizations that 
they can draw on as appropriate. One way to help students develop 
multiple representations is to ask them to categorize a set of items 
according to more than one organizational schema; for example, 
you might ask students to classify plants fi rst on the basis of their 
evolutionary histories and then on the basis of native habitat. This 
classifi cation task could then be followed by questions that illu-
minate the implications of organizing knowledge one way or the 
other. For example, a taxonomy based on evolutionary history 
might be useful for paleontological analysis, but not for designing 
a green roof. Giving students practice organizing their knowledge 
according to alternative schemata or hierarchies helps them see 
that different organizations serve different purposes and thus 
builds more robust and fl exible knowledge organizations.  

  Ask Students to Draw a Concept Map to Expose Their 
Knowledge Organizations     Asking students to create concept 
maps gives you a window not only into how much students know 
about a particular subject, but also how they are organizing and 
connecting their knowledge. Concept maps are a visual represen-
tation of a knowledge domain (see Appendix  B  for more informa-
tion on what concept maps are and how to create them). A 
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concept - mapping activity can be used at the beginning of a 
course — to reveal students ’  prior knowledge organization — and 
then in an ongoing manner to monitor how that organization 
changes with time and experience. Concept maps, whether graded 
or ungraded, can help you diagnose problems in students ’  knowl-
edge organization; for example, if they have miscategorized pieces 
of knowledge, inappropriately linked unrelated concepts or failed 
to connect related concepts, or assigned an item to a superordi-
nate position that belongs in a subordinate position, and so on.  

  Use a Sorting Task to Expose Students ’  Knowledge 
Organizations     Another way to expose students ’  knowledge 
organizations is to ask them to sort  different  problems,  con -
cepts, or situations into categories. This method reveals how stu-
dents organize their knowledge without requiring them to identify 
their sorting criteria explicitly. One example of a sorting task is 
presenting students with a set of problems that have some super-
fi cial and some deep features in common, and asking them to 
group the problems according to similarities. If students group 
projects on the basis of superfi cial similarities, it is an indication 
that they do not recognize the deep features that would help them 
develop more meaningful and fl exible knowledge organizations.  

  Monitor Students ’  Work for Problems in Their Knowledge 
Organization     One way to detect problems in students ’  organi-
zation of knowledge is to pay attention to the patterns of 
mistakes they make in their work for your course. For example, 
do students frequently mix up two conceptual categories (such as 
confusing theories and methodologies or force and acceleration 
problems)? Do they apply a formula, strategy, or solution in a 
consistently inappropriate way? If so, it is possible that students 
are making inappropriate connections or categorizations that are 
impeding their learning and performance.    
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  SUMMARY 

 In this chapter, we have reviewed research pointing to the fact that 
it is not just  what  you know but  how you organize  what you know 
that infl uences learning and performance. Knowledge organiza-
tions that include more interconnections and that are based on 
deep and meaningful features tend to be effective in supporting 
learning and performance. Another key aspect of effective knowl-
edge organizations is that they are well matched to the task(s) at 
hand. For this reason, rich and meaningful knowledge organiza-
tions are very helpful. Experts often take advantage of these 
aspects of their knowledge organizations. However, students —
 especially ones who are new to a discipline — tend to have knowl-
edge organizations that are sparsely interconnected and that are 
based on superfi cial features. These students can benefi t from 
instruction that helps them to see important relationships and 
build more connections among the pieces of knowledge they are 
learning, thus leading them to develop more fl exible and effective 
knowledge organizations.    
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  C H A P T E R  3 

  What Factors 
Motivate Students 
to Learn?              

     My Students Are Going to Love This —  NOT  
 This past semester, I fi nally got to teach a course that relates 
directly to my area of interest. I put in a lot of time and 
energy this summer preparing materials and was really excited 
going into the semester. I used a number of seminal readings 
in Continental Philosophy and assigned a research project 
based on primary documents from the nineteenth and 
twentieth centuries. I thought that students would be excited 
by the topic and would appreciate reading some of the classic 
works. But it did not turn out the way I had hoped, and I was 
really disappointed by their work. With the exception of the 
two philosophy majors and the one student who  “ needed an 
A to get into graduate school, ”  they were not at all interested 
in the readings and hardly participated in the discussions. In 
addition, they were not particularly inspired or creative in 
choosing research topics. Overall, they made little progress 
across the semester. I guess when it comes right down to it, 
most students do not much care about philosophy. 

  Professor Tyrone Hill   
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  WHAT IS GOING ON IN THESE STORIES? 

 In both of these stories, students fail to acquire and demonstrate 
the level of understanding the professors desire. In both cases, 

  A Third of You Will Not Pass This Course 
 My colleague who usually teaches Thermodynamics was on 
leave for the semester, and I was assigned to take his place. I 
knew it would not be easy to teach this course: it has a 
reputation for being really hard, and engineering students only 
take it because it is required for the major. On top of that, 
my colleague had warned me that many students stop coming 
to lectures early on in the semester, and those who come to 
class often do not come prepared. It seemed clear that I 
needed a way to motivate students to work hard and keep up 
with the material. I recalled that when I was a student, any 
suggestion by the professor that I might not be up to the 
challenge really got me fi red up and eager to prove him 
wrong. So I told my students on the fi rst day of class,  “ This is 
a very diffi cult course. You will need to work harder than you 
have ever worked in a course and still a third of you will not 
pass. ”  I expected that if my students heard that, they would 
dig in and work harder to measure up. But to my surprise, 
they slacked off even more than in previous semesters: they 
often did not come to class, they made lackluster efforts at 
the homework, and their test performance was the worst it 
had been for many semesters. And this was after I gave them 
fair warning! This class had the worst attitude I have ever seen 
and the students seemed to be consumed by an overall sense 
of lethargy and apathy. I am beginning to think that today ’ s 
students are just plain lazy. 

  Professor Valencia Robles    
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a lack of engagement with the material seems to be at the root 
of the problem. To their credit, Professor Hill and Professor 
Robles both think hard about how to motivate their students, 
yet they make the common — and often fl awed — assumption 
that their students would be motivated in much the same 
ways that they themselves were as students. When their students 
are  not  similarly motivated, the instructors conclude that they are 
apathetic or lazy. 

 However, a closer examination of these instructors ’  ap -
proaches and their unintended consequences reveals other likely 
explanations for student disengagement. Because Professor Hill is 
so passionate about the course content and fi nds it so inherently 
interesting, it does not occur to him that the features of the course 
that excite him most — the seminal readings and working with 
primary sources — do not hold the same value for his students. As a 
consequence, they approach the work half - heartedly and never 
successfully master the material. Professor Robles, for her part, 
hopes to recreate the highly competitive classroom environment 
that had motivated her as a student. However, her warnings about 
the diffi culty of the material and the students ’  limited chances of 
passing may fuel preexisting negative perceptions about the course, 
compromise her students ’  expectations for success, and under-
mine their motivation to do the work necessary to succeed. 

 Although these two stories deal with slightly different issues, 
the concept of motivation lies at the core of each.  

  WHAT PRINCIPLE OF LEARNING IS 
AT WORK HERE? 

 Motivation refers to the personal investment that an individual 
has in reaching a desired state or outcome (Maehr  &  Meyer,  1997 ). 
In the context of learning, motivation infl uences the direction, 
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intensity, persistence, and quality of the learning behaviors in 
which students engage.     

  Principle:  Students ’  motivation generates, directs, and sustains 
what they do to learn.   

 The importance of motivation, in the context of learning, 
cannot be overstated (Ames,  1990 ). As students enter college and 
gain greater autonomy over what, when, and how they study 
and learn, motivation plays a critical role in guiding their behav-
iors. In addition, because there are many competing goals that vie 
for their attention, time, and energy, it is crucial to understand 
what may increase or decrease students ’  motivations to pursue 
specifi c goals related to learning. 

 As we can see in the fi rst story, if students do not fi nd the 
content of the course interesting or relevant, they may see little or 
no value in mastering it and may fail to engage in the behaviors 
required for deep learning. Similarly, in the second story, if stu-
dents do not expect to be successful in a course, they may disen-
gage from the behaviors necessary for learning. Imagine how 
differently these two stories might have been if the students in 
Professor Hill ’ s class saw value in learning to use primary sources 
and the students in Professor Robles ’  class expected their hard 
work to result in strong performance and good grades! 

 As these stories demonstrate, there are two important con-
cepts that are central to understanding motivation: (1) the  subjec-
tive value  of a goal and (2) the  expectancies , or expectations for 
successful attainment of that goal. Although many theories 
have been offered to explain motivation, most position these 
two concepts at the core of their framework (Atkinson,  1957, 
1964 ; Wigfi eld  &  Eccles,  1992, 2000 ). As Figure  3.1  illustrates, 
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expectancies and values interact to infl uence the level of motiva-
tion to engage in goal - directed behavior.    

  WHAT DOES THE RESEARCH TELL US 
ABOUT MOTIVATION? 

 Goals provide the context in which values and expectancies derive 
meaning and infl uence motivation. Hence, we begin with a brief 
discussion of goals. 

  Goals 
 To say that someone is motivated tells us little unless we say what 
the person is motivated to do. Thus, goals serve as the basic orga-

     Figure 3.1.     Impact of Value and Expectancy on Learning and 
Performance  
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nizing feature of motivated behavior (Ryan,  1970 ; Mitchell,  1982 ; 
Elliot  &  Fryer,  2008 ). In essence, they act as the compass that 
guides and directs a broad range of purposeful actions, including 
those that relate to a person ’ s intellectual and creative pursuits, 
social and interpersonal relationships, identity and self - concept, 
needs for safety and material possessions, and desires to be pro-
ductive and competent in the world (Ford,  1992 ). Moreover, a 
number of goals are often in operation simultaneously. This is 
certainly true for college students who may, in any given moment, 
seek to acquire knowledge and skills, make new friends, demon-
strate to others that they are intelligent, gain a sense of indepen-
dence, and have fun. 

 When considering the ways that our students ’  goals infl u-
ence their learning behaviors, it is worth noting that students ’  
goals for themselves may differ from our goals for them. 
This mismatch was true in the fi rst story at the beginning of this 
chapter. Professor Hill wanted his students to acquire an under-
standing of Continental Philosophy through the use and appre-
ciation of primary sources. This goal clearly did not match his 
students ’  goals for themselves. A more general form of mismatch 
often occurs when we want our students to pursue learning for 
its own sake but they are motivated primarily by  performance goals  
(Dweck  &  Leggett,  1988 ). Performance goals involve protecting a 
desired self - image and projecting a positive reputation and public 
persona. When guided by performance goals, students are con-
cerned with normative standards and try to do what is necessary 
to demonstrate competence in order to appear intelligent, gain 
status, and acquire recognition and praise. Elliot and colleagues 
(Elliot,  1999 ; Elliot  &  McGregor,  2001 ) make a further distinction 
among performance goals. They suggest that goals focused on 
performance may take two forms:  performance - approach goals  and 
 performance - avoidant goals.  Students with performance - approach 
goals focus on attaining competence by meeting normative 



How Learning Works

72

standards. Students with performance - avoidance goals, on the 
other hand, focus on avoiding incompetence by meeting stan-
dards. They suggest that the cognitive framework with which stu-
dents approach learning is different for those with an approach 
versus avoidance orientation, and results of research suggest that 
performance - approach goals are more advantageous to learning 
than performance - avoidance goals (Elliot  &  McGregor,  2001 ; 
Cury et al.,  2006 ). 

 When guided by  learning goals , in contrast to performance 
goals, students try to gain competence and truly learn what an 
activity or task can teach them. As you can imagine, if we want 
our students to gain the deep understanding that comes from 
exploration and intellectual risk - taking (a learning goal) but they 
want only to do what is necessary to get a good grade (a perfor-
mance goal), we may not obtain the kinds of learning behaviors 
and outcomes that we desire. Indeed, most research suggests that 
students who hold learning goals, as compared to those who hold 
performance goals (particularly performance - avoidance goals), 
are more likely to use study strategies that result in deeper under-
standing, to seek help when needed, to persist when faced with 
diffi culty, and to seek out and feel comfortable with challenging 
tasks. (For more discussion on learning versus performance goals, 
see Barron  &  Harackiewicz,  2001 ; Harackiewicz, Barron, Taucer, 
Carter,  &  Elliot,  2000 ; Miller, Greene, Montalvo, Ravindran, 
 &  Nichols,  1996 ; Somuncuoglu  &  Yildirim,  1999 ; McGregor  &  
Elliot,  2002 ). 

 Students may also have other goals that confl ict with our 
goals as instructors.  Work - avoidant goals  (Meece  &  Holt,  1993 ), for 
example, involve the desire to fi nish work as quickly as possible 
with as little effort as possible. Students guided primarily by work -
 avoidant goals may show little interest in learning and appear 
alienated, discouraged, or disengaged. It is important to remem-
ber, however, that work - avoidant goals are often context - specifi c, 
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such that a student who works very hard in one context may avoid 
work in another. For example, a dedicated engineering student 
may do as little as possible in Professor Hill ’ s course if he does not 
see how the knowledge and perspectives from Continental 
Philosophy apply to his broader intellectual and professional 
growth and development. 

 Even though students ’  goals may not correspond exactly to 
our goals for them, these two sets of goals (ours and theirs) do 
not always confl ict. In fact, when some of their goals align with 
ours, powerful learning situations tend to result. Imagine, for 
example, if the engineering student mentioned above came to see 
that being able to develop, present, and evaluate a logical argu-
ment could help him become a more effective engineer (for 
example, by helping him defend an engineering design choice to 
a client or to communicate engineering limitations to colleagues). 
With his own goals and his philosophy professor ’ s goals in closer —
 and therefore more productive — alignment, his motivation to 
pursue learning goals may be strengthened. 

 Moreover, if an activity satisfi es more than one goal, the 
motivation to pursue that activity is likely to be higher than if 
it satisfi es only one goal. Relevant to this point is the fact that 
 affective goals  and  social goals  can play an important role in the 
classroom (Ford,  1992 ). For instance, if a student ’ s goals in 
an industrial design project course include learning and applying 
fundamental design principles (a learning goal), making friends 
(a social goal), and engaging in stimulating activity (an affective 
goal), then allowing the student to work on the course project 
as part of a group provides her the opportunity to satisfy 
multiple goals at the same time and potentially increases her 
motivation. This point is further supported by research demon-
strating that students who hold multiple types of goals are 
more successful than those with just one type of goal (Valle 
et al.,  2003 ). 
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 It is also possible, of course, that students hold a number of 
confl icting goals. For example, a student may have the goal of 
doing well on an upcoming psychology exam for which there is 
an evening study session scheduled. At the same time, he may 
also have the goal of bonding with his peers via intramural sports 
and consequently feel a pull to be at an intramural registration 
meeting held at the same time as the study session. To complicate 
matters even more, he may have the goal of remaining healthy 
and, since he has been experiencing a scratchy throat and other 
symptoms of a cold, may think it is wise to go straight to bed 
without attending the study session or intramural registration 
meeting. Given this range of competing goals, which one does he 
choose? There are some important variables that can provide 
insight into which goal the student will be motivated to pursue. 
Remember that value and expectancies interact to infl uence moti-
vation. In the next section, we discuss value and in the following, 
expectancies.  

  Value 
 A goal ’ s importance, often referred to as its  subjective value , is 
one of the key features infl uencing the motivation to pursue it. 
Indeed, the lack of perceived value among Professor Hill ’ s stu-
dents almost certainly contributed to their lack of motivation, 
described in this chapter ’ s fi rst story. The issue here is quite 
simple. People are motivated to engage in behaviors to attain 
goals that have a high relative value. Thus, when confronted with 
multiple goals (such as going to a study session, attending a reg-
istration meeting, or fending off a cold by going to bed early), a 
student will be more motivated to pursue the goal that has the 
highest value to him. 

 Value can be derived from a number of different sources. 
Wigfi eld and Eccles  (1992, 2000)  suggest three broad determi-
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nants of subjective value for achievement - related activities and 
goals. The fi rst is  attainment value , which represents the satisfac-
tion that one gains from mastery and accomplishment of a goal 
or task. For instance, a student may receive great satisfaction from 
solving complex mathematical theorems and consequently work 
for many hours simply to demonstrate her ability to solve them. 
Similarly, people often spend hours playing video games in order 
to reach higher levels of mastery. 

 A second source of value is  intrinsic value , which represents 
the satisfaction that one gains simply from doing the task rather 
than from a particular outcome of the task. This form of value is 
operating when students work tirelessly to design and build a 
beautifully crafted stage set, spend hours writing a computer 
program, or work hard to understand the complex interplay of 
variables that regulate blood fl ow to tumor cells simply because 
they love it. At its core, this value is intimately tied to the specifi c 
content of the goal or activity and is the source of what researchers 
have traditionally call  intrinsic motivation.  

 A fi nal source of value, one that Eccles and Wigfi eld call 
 instrumental value , represents the degree to which an activity or 
goal helps one accomplish other important goals, such as gaining 
what are traditionally referred to as  extrinsic rewards.  Praise, public 
recognition, money, material goods, an interesting career, a high -
 status job, or a good salary are all longer - term goals that may 
provide instrumental value to shorter - term goals. For example, 
students who study business only because of the salary and pres-
tige they expect a job in business will bring are motivated to study 
and attend their classes by the instrumental value the classes 
provide toward their desired salary and status. 

 Most of the students in Professor Hill ’ s Continental 
Philosophy course appeared to have been unable to fi nd any of 
the three sources of value. Like the two philosophy majors, for 
whom the content of the course held intrinsic value, and the 



How Learning Works

76

student for whom a good grade in the course was instrumental 
toward getting into graduate school, a single source of value may 
motivate behavior. However, in many cases, sources of value 
operate in combination. Indeed, the distinction between the tra-
ditional concepts of intrinsic and extrinsic motivation is rarely as 
dichotomous as theory posits. For instance, by working hard in a 
course, a biology student may derive value from multiple sources, 
including solving challenging problems (attainment value), engag-
ing her fascination with biological processes (intrinsic value), and 
advancing her chances of getting into a good medical school 
(instrumental value). Consequently, it is important not to think 
of these sources of value as necessarily confl icting but as poten-
tially reinforcing. In fact, a task that initially holds only instru-
mental value to a student (something he does primarily to earn a 
grade or satisfy a requirement) can come to have intrinsic value 
as he develops knowledge and competence in the subject area 
(Hidi  &  Renninger,  2006 ).  

  Expectancies 
 Although one must value a desired outcome in order to be moti-
vated to pursue it, value alone is insuffi cient to motivate behavior. 
People are also motivated to pursue goals and outcomes that they 
believe they can successfully achieve. Conversely, if they do not 
expect to successfully achieve a desired goal or outcome, they will 
not be motivated to engage in the behaviors necessary to achieve 
it. Motivational theorists refer to these expectations as  expectancies.  
Here we describe two forms of expectancies that help inform our 
understanding of motivated behavior. 

 To be motivated to pursue specifi c goals, students must hold 
positive  outcome expectancies.  Outcome expectancies refl ect the 
belief that specifi c actions will bring about a desired outcome 
(Carver  &  Scheier,  1998 ). A student holds positive outcome expec-
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tancies when he thinks,  “ If I do all the assigned readings and 
participate in class discussions, I will be able to learn the material 
well enough to solve problems on the exam and achieve a passing 
grade. ”  In this case, there is a positive outcome expectancy linking 
the student ’ s behavior and the desired outcome. In contrast, nega-
tive outcome expectancies involve a belief that specifi c actions 
have no infl uence on a desired outcome. For example, a student 
may think,  “ No matter how hard I work in this course, I won ’ t get 
a good grade. ”  This dynamic was likely to be at work among some 
of Professor Robles ’  students in the story at the beginning of this 
chapter. Professor Robles warned her students that a third of 
them were likely to fail, even after working harder than they had 
ever worked before. As a result, many of them may have developed 
negative outcome expectancies; in other words, they began to 
doubt that hard work would, in fact, result in a passing grade and 
so lost their motivation. Ironically, what Professor Robles thought 
would  “ fi re up ”  her students might have profoundly demotivated 
them. In order for students to be motivated to engage in the 
behaviors that result in learning, they must believe that there is a 
connection between those behaviors and the outcomes they desire. 

 Whereas positive outcome expectancies are necessary for 
motivated behavior, they are insuffi cient on their own.  Effi cacy 
expectancies  are also essential. Effi cacy expectancies represent the 
belief that one is  capable  of identifying, organizing, initiating, and 
executing a course of action that will bring about a desired 
outcome (Bandura,  1997 ). So in order to hold a positive expec-
tancy for success, a student must not only believe that doing the 
assigned work can earn a passing grade, she must also believe that 
she is capable of doing the work necessary to earn a passing grade. 
Thus it is the belief in personal agency that is the potent feature 
of this expectancy variable and that drives motivation. 

 What determines a student ’ s expectation for success? One 
important infl uence is prior experience in similar contexts. If a 
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student has experienced success in a particular activity in the 
past, she is more likely to expect success in a similar activity in 
the future. If she has experienced failure in the past, she is 
more likely to expect failure in the future. A more complicated 
analysis of past success and failure suggests, however, that the 
 reasons  that students identify for their previous successes and fail-
ures may be an even more powerful determinant of expectancies. 
These reasons, or attributions, involve the causal explanations 
students use to make sense of the outcomes they experience 
(Weiner,  1986 ). 

 When students successfully achieve a goal and attribute their 
success to internal causes (for example, their own talents or abili-
ties) or to controllable causes (for example, their own efforts or 
persistence), they are more likely to expect future success. If 
however, they attribute success to external causes (for example, 
easy assignments) or uncontrollable causes (for example, luck), 
they are less likely to expect success in the future. For instance, if 
a student attributes the good grade she received on a design 
project to her own creativity (ability) or to the many long hours 
she spent on its planning and execution (effort), she is likely to 
expect success on future design assignments. This is because she 
has attributed her success to relatively stable and controllable 
features about herself. These same features form the basis for her 
positive expectations for similar situations in the future. 

 When a student fails to achieve a goal, however, his motiva-
tion is likely to be low if he attributes his failure to a lack of ability 
(for example,  “ I am not good at math ”  or  “ I am just not a good 
writer ” ), especially if he sees his ability as fi xed or not amenable 
to change. On the other hand, even in failure situations, motiva-
tion is likely to remain high if a student explains his poor perfor-
mance in terms of controllable and temporary causes such as 
inadequate preparation, insuffi cient effort, or lack of relevant 
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information. Under these circumstances, students can maintain 
the belief that they are capable of changing their behaviors to 
achieve a more positive outcome. 

 Thus, in the context of the classroom, motivation and the 
effort and persistence that accompany it are highest among stu-
dents who attribute successful performance to a combination of 
ability and effort, and poor performance to insuffi cient effort and 
inadequate information. These attributions form the basis for the 
expectation that good performance can be sustained and poor 
performance can be changed.  

  How Perceptions of the Environment A! ect the 
Interaction of Value and Expectancies 

 Value and expectancies do not operate in a vacuum. Indeed, they 
interact within the broader environmental context in which 
they exist (see Chapter Six for more on course climate). From a 
student ’ s point of view, this environment can be perceived along 
a continuum from supportive to unsupportive (Ford,  1992 ). 
Without question, the complex dynamics of the classroom, its 
tone, the interpersonal forces at play, and the nature and structure 
of communication patterns all combine to either support or 
inhibit the students ’  motivation to pursue a goal. If students per-
ceive the environment as supportive (for example,  “ The instructor 
is approachable and several of my classmates seem willing to help 
me if I run into trouble ” ), motivation is likely to be enhanced. If 
students perceive the environment as unsupportive (for example, 
 “ This instructor seems hostile to women in engineering ” ), it can 
threaten expectations for success and erode motivation. 

 Thus, our framework for understanding motivation sug-
gests that if a goal is valued  and  expectancies for success are posi-
tive  and  the environment is perceived to be supportive, motivation 
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will be highest. However, if there is little value associated with a 
goal  or  effi cacy expectancies for success are negative  or  the envi-
ronment is not perceived to be supportive, motivation is likely to 
be lower. So what does this mean for our classrooms and how 
students behave? 

 To begin, it is important to realize that we have three impor-
tant levers (value, effi cacy expectancies, and the supportive nature 
of the environment) with which we can infl uence motivation. 
Moreover, if we neglect any of one of the three, motivation may 
suffer substantially. Based on the work of Hansen  (1989)  and Ford 
 (1992) , Figure  3.2  presents the range of behaviors that result from 
the interaction of value and expectancies in both supportive and 
unsupportive environments.   

 When students care little about a goal and have little confi -
dence in their abilities to successfully achieve that goal, they tend 
to behave in a  rejecting  manner. This characterizes students in both 
supportive and unsupportive environments. These students are 
prone to disengage from learning situations and may experience 

     Figure 3.2.     Interactive Effects of Environment, Effi cacy, and Value on 
Motivation  
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apathy, general passivity, alienation, or even a sense of anger if, in 
the case of a supportive environment, support is perceived as 
coercive or pressuring. 

 When students, in both supportive and unsupportive envi-
ronments, see little value in a goal but are confi dent in their abili-
ties to successfully achieve it, they may act in an  evading  manner. 
Since they see the task as doable but unimportant, students often 
have diffi culty paying attention and are frequently preoccupied by 
social distractions or daydreaming. Often, in an attempt to avoid 
overt disapproval and pressure from the instructor or the stigma 
associated with a poor grade, they may do the minimum amount 
of work that is needed to just get by. 

 Those students who see value in a goal but lack confi dence 
in their ability to achieve it can manifest two forms of behavior, 
depending on the nature of the environment. Those that perceive 
little or no support from the environment tend to be  hopeless.  As 
such, they appear to have no expectation of success and demon-
strate very low levels of motivation, behaving in helpless fashions. 
Those who do perceive a supportive environment tend to be  fragile.  
That is, because they value the task and believe the environment 
offers support, they want to succeed. However, they are dubious 
about their own abilities and may try to protect their sense of 
self - esteem by feigning understanding, avoiding situations that 
require overt performance, denying diffi culty, and making excuses 
to explain poor performance. 

 Similarly, depending on their perceptions of the supportive 
nature of the environment, students who see value in a task and 
have confi dence in their abilities also manifest two forms of 
behavior. Those that perceive little or no support from the envi-
ronment may be  defi ant.  That is, because the task is important and 
they are confi dent of their own abilities, they may take an  “ I will 
show you ”  or  “ I will prove you wrong ”  attitude in response to the 
perceived lack of support from the environment. Those students 
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who perceive the environment to be supportive demonstrate the 
most  motivated  behavior. In essence, all three levers that infl uence 
motivation are aligned in a positive direction. As a consequence, 
these students seek to learn, integrate, and apply new knowledge 
and view learning situations as opportunities to extend their 
understanding.  

  Implications of This Research 
 Several important points should be evident thus far. First, value, 
expectancy, and environment interact to produce an array of dis-
tinctive student behaviors. Thus, no single variable is universally 
deterministic with regard to motivating students. That said, 
changes in any one dimension can change students ’  levels of moti-
vation and thus alter their behaviors. For instance, providing 
support and encouragement to students who tend toward defi -
ance can edge them toward greater motivation. Similarly, by 
helping  “ fragile ”  students build positive beliefs about their chances 
of success, we may support them to become more highly moti-
vated. Indeed, each of the dimensions in the table represents fea-
tures of the learning environment over which we, as instructors, 
can have substantial infl uence. Finally, if we neglect any single 
dimension, motivation may suffer substantially. As a case in point, 
if we fail to address students ’  perceived lack of value for a given 
task or goal, at best they are likely to demonstrate an evading 
pattern of motivation (see the left column of Figure  3.2 ). Similarly, 
if students perceive the environment in which they learn as unsup-
portive, even those who fi nd value in the goal and hold positive 
effi cacy expectancies may fall short of highly motivated behavior. 
Indeed, when the environment is perceived as unsupportive, the 
best we can hope for is a defi ant pattern of motivation (see 
the top half of Figure  3.2 ).   
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  WHAT STRATEGIES DOES THE 
RESEARCH SUGGEST? 

 In this section we present a number of strategies that may help 
you increase the value that students place on the goals and activi-
ties that you have identifi ed and created for them, as well as strate-
gies to help you strengthen students ’  expectancies and create an 
environment that supports motivation. 

  Strategies to Establish Value 
  Connect the Material to Students ’  Interests     Students are 
typically more motivated to engage with material that interests 
them or has relevance for important aspects of their lives. For 
example, courses on the history of rock  ‘ n ’  roll, philosophy and 
the  Matrix  fi lms, the statistics of sexual orientation, how technol-
ogy can combat global poverty, and how to build virtual reality 
worlds may strongly connect with students ’  interests. All of these 
courses can be rigorous and yet demonstrate high demand because 
they tap into issues that are important to students.  

  Provide Authentic, Real - World Tasks     Assign problems and 
tasks that allow students to vividly and concretely see the rele-
vance and value of otherwise abstract concepts and theories. For 
example, an economics professor might use a case study of eco-
nomic instability to illustrate market forces. Analyzing a real -
 world event provides students with a context for understanding 
economic theories and their applicability to current situations. 
Similarly, in an information systems course, the instructor might 
assign a service - learning project in which students must build a 
database for an actual client in the community. This kind of 
authentic task allows students to work within real constraints, 
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interact with real clients, and explore the profession. It might also 
create possibilities for future internships or jobs.  

  Show Relevance to Students ’  Current Academic Lives     
Students sometimes do not appreciate a current learning experi-
ence because they do not see its value relative to their course of 
study. For instance, psychology students may see little value in 
taking a math course because they do not realize that the knowl-
edge they acquire will serve them well when they take a required 
statistics or research methods course. If you make explicit connec-
tions between the content of your course and other courses to 
come, students can better understand the value of each course as 
a building block for future courses.  

  Demonstrate the Relevance of Higher - Level Skills to Students ’  
Future Professional Lives     Students often focus on specifi c 
course content without recognizing how the skills and abilities 
they develop across courses (for example, quantitative reasoning, 
public speaking, persuasive writing, teamwork skills) will benefi t 
them in their professional lives. For example, students often com-
plain about being graded on the quality of their writing in lab 
reports, failing to recognize the importance of written communi-
cation skills in a wide range of professions. We can help motivate 
students by explaining how various skills will serve them more 
broadly in their professional lives.  

  Identify and Reward What You Value     It is important to 
explicitly identify for students what you value. This can be done 
in the syllabus, through feedback, and through modeling. Having 
identifi ed what you value, be sure to reward it through assess-
ments that are aligned with course objectives. For instance, if you 
value the quality of group interactions in a project course, you 
should identify and describe the aspects of such interactions that 
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are important (for example, clear communication, effective reso-
lution of disagreements, consideration of multiple perspectives) 
and include an evaluation of the group as part of the fi nal grade. 
Similarly, if you want students to take intellectual or creative 
risks, identify these features as important and assess students ’  
work based on the extent to which they pushed the limits, whether 
or not they were ultimately successful.  

  Show Your Own Passion and Enthusiasm for the Discipline     
Your own enthusiasm and passion can be powerful and conta-
gious. Even if students are not initially attracted to or interested 
in your course, don ’ t be afraid to let your excitement for your 
discipline show. Your enthusiasm might raise students ’  curiosity 
and motivate them to fi nd out what excites you about the subject, 
leading them to engage more deeply than they had initially 
planned or discover the value they had overlooked.   

  Strategies That Help Students Build Positive 
Expectancies 

  Ensure Alignment of Objectives, Assessments, and Instruc-
tional Strategies     When these three components of a course are 
aligned — when students know the goals, are given opportunities 
to practice and get feedback, and are able to show their level of 
understanding — learning is supported. Students also have a more 
coherent picture of what will be expected of them and thus are 
more motivated because they feel more confi dent and in control 
of their learning, as well as their grade.  

  Identify an Appropriate Level of Challenge     Setting challeng-
ing but attainable goals is critical for optimally motivating stu-
dents. However, identifying the appropriate level at which to 
frame your expectations may be diffi cult. To do so, you need to 
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know who your students are — in terms of their prior knowledge 
and experience as well as their future plans and goals. A pre -
 assessment may be useful in evaluating both prior knowledge and 
future goals. Examining the syllabi of courses that immediately 
precede your course in the curricular sequence (when relevant) 
may also provide insight into your students ’  prior academic expe-
riences. Syllabi from instructors who have taught the course in 
the past may also offer clues about the appropriate level at which 
to frame your expectations. Finally, talk to colleagues about their 
process for identifying appropriate expectations or ask to observe 
their classes.  

  Create Assignments That Provide the Appropriate Level of 
Challenge     One the one hand, if your course or an assignment 
is pitched at a level that students do not expect will allow them 
to be successful with reasonable effort, they will not be motivated 
to engage with the assignment. On the other hand, if the course 
or the assignment is too easy, students will not think that it has 
value or is worth their time to engage with it, deeming it busy 
work. Consequently, we need to set standards that are challenging 
but attainable with student effort. Determining these standards 
is not always easy given that student cohorts differ, so administer-
ing diagnostic or early assessments can help you determine the 
right level for each cohort.  

  Provide Early Success Opportunities     Expectations for future 
performance are infl uenced by past experiences. Hence, early 
success can build a sense of effi cacy. This strategy is incredibly 
important in courses that are known as  “ gateway ”  or  “ high - risk ”  
courses or for students who come into your course with anxiety 
for whatever reason. For example, you might incorporate early, 
shorter assignments that account for a small percentage of the 
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fi nal grade but provide a sense of competence and confi dence 
before you assign a larger project.  

  Articulate Your Expectations     Articulate your course goals 
clearly to students so that they know what the desired outcomes 
are. Then make it clear to students what you expect them to do 
in order to reach those goals. This will help make the connection 
between a course of action and a desired outcome more concrete 
and tangible, thus creating a more positive outcome expectancy. 
Help students set realistic expectations by identifying areas in 
which they might encounter diffi culty and support their sense of 
agency by communicating your confi dence and expectation that 
they will overcome those challenges and succeed. At the same 
time, let students know what support they can expect from you 
in pursuit of those goals (for example, offi ce hours or review 
sessions).  

  Provide Rubrics     Rubrics are a way of explicitly representing 
performance expectations and thus can direct students ’  behaviors 
toward your intended goals. For example, a rubric for a research 
paper can identify the components of the task (for example, 
hypothesis, evidence, conclusion, writing) and the expectations 
for performance for each component at several levels of sophisti-
cation (for example, developing, competent, exemplary). See 
Appendix  C  for examples.  

  Provide Targeted Feedback     Because feedback provides infor-
mation about progress toward a goal, it can have a powerful moti-
vating effect. Feedback is most effective when it is timely and 
constructive. Timely feedback is close enough in proximity to the 
performance to have impact and to allow for incorporation of the 
feedback into the next iteration. Constructive feedback identifi es 
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strengths, weaknesses, and suggestions for future action. For 
more discussion on feedback, see Chapter Five.  

  Be Fair     Be sure that the standards and criteria used to assess 
students ’  work are administered fairly. This is particularly rele-
vant when multiple graders are involved (for example, teaching 
assistants). If students perceive that their work is being assessed 
differently from their peers or differently from one time to the 
next, their expectations for success may be compromised.  

  Educate Students About the Ways We Explain Success and 
Failure     To give students a better sense of control over the out-
comes that they experience and in turn infl uence their expecta-
tions for success, educate them about the attributions that people 
make for success and failure. For example, we frequently attribute 
success to things about us (that is, internalize) and attribute fail-
ures to things about the external world (that is, externalize). Help 
them shape their attribution for success to include appropriate 
study strategies, good time management, and hard work. Similarly, 
help them avoid attributing failure to factors such as  “ not being 
good with numbers, ”   “ not being good with details, ”  or  “ not being 
very smart. ”  Rather, help them focus on controllable features, 
such as the way they studied (for example, how much, when, the 
nature of their study habits).  

  Describe Effective Study Strategies     Students may not be able 
to identify ways in which they should appropriately change their 
study behaviors following failure. In this case, it is important to 
discuss effective study strategies to give them alternatives to the 
behaviors that resulted in poor performance. In doing so, we may 
help adjust their expectations about being able to successfully 
obtain their goals.   
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  Strategies That Address Value and Expectancies 
  Provide Flexibility and Control     Where possible, allow stu-
dents to choose among options and make choices that are consis-
tent with their goals and the activities that they value. One way to 
give students greater fl exibility is to allow them choices in por-
tions of the course content, topics for papers, and questions for 
class discussion. Flexibility lends a sense of control, which can 
contribute to a student ’ s expectation of success.  

  Give Students an Opportunity to Refl ect     It is important to 
give students an opportunity to refl ect on assignments. Facilitating 
their refl ection with specifi c questions can help structure the 
process to support motivation. For example, asking students 
 “ What did you learn from this assignment? ”  or  “ What was the 
most valuable feature of this project? ”  helps them identify the 
value of their work. Asking students  “ What did you do to prepare 
for this assignment/exam? What skills do you need to work on? 
How would you prepare differently or approach the assignment 
differently if you were doing it in the future? ”  can help them to 
identify specifi c strategies that leverage their strengths and over-
come their weaknesses, thus bolstering their expectations for 
future success.    

  SUMMARY 

 In this chapter, we have discussed some of the variables that 
underlie student motivation. We have used the concept of goals 
as an organizing feature and have argued that students frequently 
have multiple and diverse goals, many of which may not align 
with ours. We described a model in which the subjective value that 
students place on goals and their expectancies of success play a 
key role in infl uencing their motivation. 
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 We have described how subjective value, effi cacy expectan-
cies, and beliefs about the supportive nature of the environment 
interact to affect the specifi c ways in which students behave. Our 
hope is that by understanding how some of these variables infl u-
ence motivation and by arming yourself with some practical strat-
egies, you can increase the motivation of your students and 
improve the quality of learning in your courses.    
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  C H A P T E R  4 

  How Do Students 
Develop Mastery?              

     A Sum of Their Parts 
 I worked in industry for over twenty years before coming to 
academia, and I know how critical teamwork is, so in my 
Industrial Management course I assign a number of group 
projects in addition to individual projects. Students generally 
do well on their individual projects, and since the group 
assignments and individual assignments require more or less 
the same content knowledge, you would think that students 
would do even better on the group projects: after all, there 
are more people to share the work and generate ideas. 
Instead, it is just the reverse. Not only do my student groups 
fail to meet deadlines, but their analyses are also superfi cial 
and their projects lack internal coherence. I am not sure what 
the problem is, but at this point I am tempted to scrap the 
group projects and go only with individual projects. I just wish 
someone could explain to me why these groups are  less , not 
 more , than a sum of their parts. 

  Professor Fritz Solomon   

  Shouldn ’ t They Know This by Now? 
 I just came from the second meeting of my acting class, and I 
have never felt so frustrated. This is an upper - level course, so 
by the time students get to my course they have already taken 
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  WHAT IS GOING ON IN THESE STORIES? 

 The instructors in these two stories believe that their students 
have the skills and knowledge necessary to perform well on the 
assigned tasks, yet their students ’  performance is disappointing, 
and neither instructor knows why. What is happening in each case 
that can help explain why these students fail to meet their instruc-
tor ’ s expectations? 

 In fact, the tasks these instructors have assigned may require 
more from students than the instructors realize, and their stu-
dents may be less prepared than their instructors assume. In the 
fi rst story, for example, Professor Solomon expects the quality of 
group projects to be higher than the quality of individual projects 

a number of courses in speech, voice, and movement. In 
other words, they  should  have a solid grounding in the 
fundamentals. Yet they make the most elementary mistakes! 
To give an example, I assigned students an easy scene from a 
Tennessee Williams play, something they should be able to 
handle with ease. And yet, a good proportion of the class 
mangled the Southern accents, dropped props, or mumbled 
their lines. Not only that, but they completely disregarded two 
things I know their instructors have emphasized over and over 
again in the introductory classes: the importance of doing 
vocal warm - ups and phonetically transcribing all their lines. 
How can they not know this stuff by now? I know they have 
learned it, because I have sat in on some of the fi rst -  and 
second - year classes and have been impressed by their skills. 
So why do they seem to have forgotten everything when they 
get to my course? 

  Professor Pamela Kozol    
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because there are more people  “ to share the work and generate 
ideas. ”  This seems like a reasonable assumption and is one 
that many instructors make. However, it is predicated on the 
expectation that students will know how to work effectively in 
groups. In fact, successful teamwork requires not only content 
skills and knowledge, but also an additional and qualitatively dif-
ferent set of process skills, such as the ability to delegate tasks, 
coordinate efforts, resolve confl icts, and synthesize the contribu-
tions of group members. When students possess the process skills 
necessary to manage the particular challenges of teamwork, the 
quality of work they produce in teams may indeed surpass 
the quality of the work they do individually. But when students 
lack these key component skills, it can seriously impede their 
performance. 

 Professor Kozol ’ s students, in contrast, appear to have the 
necessary component skills. They have taken classes in and appar-
ently mastered fundamental movement, voice, and speech skills. 
Yet when assigned a task that requires these skills, their perfor-
mance is characterized by mistakes and omissions. Why? There 
are several possible explanations. First, although students have 
come to Professor Kozol ’ s class with a solid grounding in move-
ment, voice, and speech, they practiced these skills in classes tar-
geting each skill area separately. Consequently, they may not have 
had suffi cient practice using the complete set of skills in combi-
nation — especially while acting out an entire scene. If so, it is not 
the component skills they lack, but rather the ability to integrate 
them effectively. 

 Another possible explanation is that Professor Kozol ’ s stu-
dents did not recognize the relevance of phonetic transcriptions 
and vocal warm - ups — practices they had learned in previous 
courses — to the task they were assigned in her class. They may have 
failed to make this connection if their understanding of the 
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underlying function of these practices was superfi cial or if they 
associated them entirely with the contexts (voice and speech 
classes) in which they had originally learned them. If so, the 
problem was not that students lacked component skills or that 
they were unable to integrate them successfully, but that they 
could not transfer them successfully to a new context and apply 
them appropriately.  

  WHAT PRINCIPLE OF LEARNING IS 
AT WORK HERE? 

 As the stories above suggest, tasks that seem simple and straight-
forward to instructors often involve a complex combination of 
skills. Think back to when you learned to drive. You had to keep 
in mind a sequence of steps (for example, adjust the mirrors, apply 
the brakes, turn the key in the ignition, put the car in reverse, 
check the rear view mirror, release the brake, press the accelerator), 
a set of facts (for example, traffi c rules and laws, the meaning of 
street signs, the functions of the car ’ s controls and gauges), and a 
set of skills (for example, accelerating smoothly, parallel parking, 
performing a three - point turn). You also had to learn how to 
integrate all of these component skills and knowledge, such as 
checking your mirror and moving into another lane. Finally, you 
had to recognize the appropriate context for certain knowledge 
and skills, such as adapting speed and braking behavior when 
driving on icy or clear roads. 

 To an experienced driver, driving is effortless and automatic, 
requiring little conscious awareness to do well. But for the novice 
driver it is complex and effortful, involving the conscious and 
gradual development of many distinct skills and abilities. A similar 
process exists in the development of mastery in academic con-
texts, as described in the following principle.     
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  Mastery  refers to the attainment of a high degree of compe-
tence within a particular area. That area can be narrowly or broadly 
defi ned, ranging from discrete skills (for example, using a Bunsen 
burner) or content knowledge (for example, knowing the names 
of all U.S. presidents) to extensive knowledge and skills within a 
complex disciplinary domain (for example, French theater, ther-
modynamics, or game theory). For students to achieve mastery 
within a domain, whether narrowly or broadly conceived, they 
need to develop a set of key component skills, practice them to 
the point where they can be combined fl uently and used with a 
fair degree of automaticity, and know when and where to apply 
them appropriately (see Figure  4.1 ).    

  WHAT DOES THE RESEARCH TELL US 
ABOUT MASTERY? 

 Common sense suggests that having achieved mastery within a 
domain should position an instructor well to help novices develop 
mastery. But this is not necessarily the case. In the following sec-
tions we examine why expertise can potentially be a problem for 
teachers; we then explore research relevant to each element of 
mastery and discuss implications for teaching. 

  Expertise 
 Ironically, expertise can be a liability as well as an advantage when 
it comes to teaching. To understand why, consider the model of 

  Principle:  To develop mastery, students must acquire 
component skills, practice integrating them, and know when to 

apply what they have learned.   
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mastery offered by Sprague and Stuart  (2000)  and illustrated in 
Figure  4.2 . It describes a four - stage developmental trajectory from 
novice to expert focused on two dimensions: competence and 
consciousness.   

 As illustrated in the diagram below, novice students are in a 
state of  unconscious incompetence , in that they have not yet devel-
oped skill in a particular domain, nor do they have suffi cient 
knowledge to recognize what they need to learn. Put simply, they 
do not know what they do not know. As they gain knowledge and 
experience, they advance to a state of  conscious incompetence , where 

MASTERY

KNOW WHEN
TO APPLY
Skills

PRACTICE
Integrating
Skills

ACQUIRE
Component
Skills

     Figure 4.1.     Elements of Mastery  
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they are increasingly aware of what they do not know and, 
con sequently, of what they need to learn. As their mastery 
develops, students advance to a state of  conscious competence  
wherein they have considerable competence in their domain, yet 
still must think and act deliberately and consciously. Finally, 
as students reach the highest level of mastery, they move into 
a state of  unconscious competence  in which they exercise the skills 
and knowledge in their domain so automatically and instinctively 
that they are no longer consciously aware of what they know or 
do. As this model suggests, while competence develops in a more -
 or - less linear way, consciousness fi rst waxes and then wanes, so 
that novices (in stage one) and experts (in stage four) operate in 
states of relative unconsciousness, though for very different 
reasons. 

 It is easy to see why novices lack conscious awareness of what 
they do not know, but less obvious why experts lack conscious 
awareness of what they  do  know. Research on expert - novice differ-
ences helps to illuminate the issue, however. Experts, by defi ni-
tion, possess vastly more knowledge than novices, but they also 
organize, access, and apply their knowledge very differently (see 

     Figure 4.2.     Stages in the Development of Mastery  
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Chapter Two on organization of knowledge; Ericsson  &  Smith, 
 1991 ; Ericsson  &  Lehmann,  1996 ). For instance, experts organize 
knowledge into large, conceptual  “ chunks ”  that allow them to 
access and apply that knowledge with facility (Chase  &  Simon, 
 1973b ; Chase  &  Ericsson,  1982 ; Koedinger  &  Anderson,  1990 ). 
Moreover, because experts immediately recognize meaningful pat-
terns and confi gurations based on their previous experiences, they 
are able to employ shortcuts and skip steps that novices cannot 
(DeGroot,  1965 ; Anderson,  1992 ; Chase  &  Simon,  1973a ; 
Koedinger  &  Anderson,  1990 ; Blessing  &  Anderson,  1996 ). Also, 
because experts have extensive practice in a narrowly defi ned area 
(for example, planning a problem - solving strategy or critiquing a 
theoretical perspective), they can perform with ease and automa-
ticity tasks that are much more effortful for novices (Smith  &  
Chamberlin,  1992 ; Lansdown,  2002 ; Beilock, Wierenga,  &  Carr, 
 2002 ). Finally, experts link specifi c information to deeper princi-
ples and schemas and are consequently better able than novices 
to transfer their knowledge across contexts in which those prin-
ciples apply (see Chapter Two; Chi, Feltovich,  &  Glaser,  1981 ; 
Larkin et al.,  1980 ; Boster  &  Johnson,  1989 ). 

 These attributes of expertise are an obvious advantage when 
instructors are working within their disciplinary domains, but 
they can be an obstacle to effective teaching. For example, the way 
instructors chunk knowledge can make it diffi cult for them to 
break a skill down so that it is clear to students. Moreover, the 
fact that instructors take shortcuts and skip steps with no con-
scious awareness of doing so means they will sometimes make 
leaps that students cannot follow. In addition, the effi ciency with 
which instructors perform complex tasks can lead them to under-
estimate the time it will take students to learn and perform these 
tasks. Finally, the fact that instructors can quickly recognize the 
relevance of skills across diverse contexts can cause them to over-
estimate students ’  ability to do the same. 
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 When expert instructors are blind to the learning needs of 
novice students, it is known as  expert blind spot  (Nickerson,  1999 ; 
Hinds,  1999 ; Nathan  &  Koedinger,  2000 ; Nathan  &  Petrosino, 
 2003 ). To get a sense of the effect of expert blind spot on students, 
consider how master chefs might instruct novice cooks to  “ saut é  
the vegetables until they are done, ”   “ cook until the sauce is a good 
consistency, ”  or  “ add spices to taste. ”  Whereas such instructions 
are clear to chefs, they do not illuminate matters to students, who 
do not know what  “ done ”  entails, what a  “ good consistency ”  is, 
or what spices would create a desired taste. Here we see the uncon-
scious competence of the expert meeting the unconscious incom-
petence of the novice. The likely result is that students miss vital 
information, make unnecessary mistakes, and function ineffi -
ciently. They may also become confused and discouraged. 
Although they might muddle through on their own, it is unlikely 
that they will learn with optimal effi ciency or thoroughness. 

 As instructors, we are all susceptible to expert blind spot. 
However, we can reduce the problems it poses for student learning 
by becoming more consciously aware of three particular elements 
of mastery that students must develop: (1) the acquisition of key 
component skills, (2) practice in integrating them effectively, and 
(3) knowledge of when to apply what they have learned.  

  Component Skills 
 As the driving and cooking examples above suggest, tasks that 
seem fairly simple to experts can hide a complex combination of 
component skills. For example, the ability to analyze a case study 
requires component skills such as the capacity to identify the 
central question or dilemma of the case, articulate the perspec-
tives of key actors, enumerate constraints, delineate possible 
courses of action, and recommend and justify a solution. Similarly, 
problem solving might involve a number of component skills 
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including (but not limited to) representing the problem, deter-
mining an appropriate solution strategy, doing the calculations 
necessary to execute that strategy, and evaluating the result. These 
component skills are particularly diffi cult to identify when they 
involve purely cognitive processes (for example, recognizing, plan-
ning, and formulating) that are not directly visible. 

 If students lack critical component skills — or if their 
command of those skills is weak — their performance on the overall 
task suffers (Resnick,  1976 ). This is demonstrated in a number of 
studies in which researchers decompose complex tasks, identify 
weak or missing component skills, and track the effect of those 
gaps on student performance. Lovett ’ s  (2001)  research with intro-
ductory statistics students, for instance, identifi ed two key skills 
involved in statistical data analysis: the ability to recognize the 
relevant variables and the ability to categorize them according to 
types. Lovett found that when students lacked these component 
skills, they were less able to choose appropriate forms of analysis 
and their performance on the overall problem - solving task was 
compromised (Lovett,  2001 ). We see a similar phenomenon in the 
fi rst story at the beginning of the chapter: while Professor 
Solomon ’ s students possess many of the component skills neces-
sary for their group projects — as evidenced by their performance 
on individual assignments — their lack of teamwork skills erodes 
their overall performance. 

 In order to teach complex skills systematically — without 
missing pieces — instructors must be able to  “ unpack ”  or decom-
pose complex tasks. This can be challenging because of expert 
blind spot, but there are tangible payoffs for student learning. 
Indeed, research indicates that when instructors identify and rein-
force weak component skills through targeted practice, students ’  
performance on the overall task often improves signifi cantly. For 
example, Koedinger and Anderson  (1990)  found that, relative to 
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experts, novice geometry students lacked the ability to plan prob-
lem - solving strategies. After assigning students exercises to spe-
cifi cally reinforce this skill within the context of the larger task, 
the researchers found that students became much more adept 
problem - solvers (Koedinger  &  Anderson,  1993 ). Lovett  (2001)  
found that if beginning students were given a mere 45 minutes of 
practice identifying statistical problem types, and were given feed-
back on this particular skill, they were able to select appropriate 
analyses as adeptly as students who had had a semester - long 
course. In other words, even a small amount of focused practice 
on key component skills had a profound effect on overall perfor-
mance. This same effect is demonstrated in research on cognitive 
tutors (computer - based tutoring programs), which are designed 
to detect the component skills that students lack and direct them 
to exercises that strengthen their abilities in those areas (Anderson 
et al.,  1995 ; Singley,  1995 ; Ritter et al.,  2007 ; Anderson, Conrad, 
 &  Corbett,  1989 ). 

 While we know that students need to practice component 
skills in order to improve their performance on the complex tasks 
involving those skills, the question of whether students should 
practice component skills in isolation or in the context of the 
whole task is more complicated. The advantage to practicing a 
component skill in isolation is that it allows students to focus 
their attention solely on the skill that needs work. Think, for 
example, of the benefi ts to a basketball player of drills that empha-
size dribbling or shooting. Drilling these component skills in iso-
lation gives players more repeated practice with each skill than 
they could ever get in the context of a game or scrimmage, and 
allows them to devote their energy and concentration exclusively 
to the skill in question. The advantage to practicing the whole 
task, on the other hand, is that students see how the parts fi t into 
the whole in a context that is authentically complex. Think, for 
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example, how much more diffi cult it is to shoot under defensive 
pressure in a game situation than when taking practice shots 
during a drill! 

 Whether or not students benefi t more from practicing com-
ponent skills in isolation or in the context of the overall task 
depends to a large extent on the nature of the task. Although the 
research results are mixed, it seems generally true that whole - task 
practice is preferable if the overall task is fairly simple or if 
components cannot be realistically extracted from the whole 
(Wightman  &  Lintern,  1985 ; Naylor  &  Briggs,  1963 ; Teague, 
Gittelman,  &  Park,  1994 ). However, if the task is highly complex 
and can be easily divided into component parts, students 
often learn more effectively if the components are practiced tem-
porarily in isolation, and then progressively combined (White  &  
Frederickson,  1990 ; Wightman  &  Lintern,  1985 ; Salden, Paas, 
 &  van Merrienboer,  2006 ). The extent to which isolated practice 
facilitates learning also depends in part on the skill level of the 
student. Studies have shown that explicit instruction and isolated 
practice of component skills, while helpful for novice learners 
(Clarke, Ayres,  &  Sweller,  2005 ), might be counterproductive for 
advanced learners if they have already integrated these compo-
nents into a coherent whole (Kalyuga, Ayres, Chandler,  &  Sweller, 
 2003 ). Finally, the extent to which isolated practice is benefi cial 
depends on the learning objectives of the class. For example, if a 
central objective of a course like Professor Solomon ’ s is to help 
students build teamwork skills, then it might make sense to focus 
on specifi c skills in isolation. One example might be to reinforce 
students ’  abilities to reconcile intra - group differences of opinion 
by having them role - play responses to hypothetical confl icts. 

  Implications of This Research     In order to build new skills 
systematically and to diagnose weak or missing skills, instructors 
must be able to break complex tasks down into their component 
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parts. Decomposing complex tasks helps instructors pinpoint 
skills that students need to develop through targeted practice. 
However, in designing practice opportunities to reinforce compo-
nent skills, instructors should consider whether their learning 
goals are best accomplished through isolated practice, whole - task 
practice, or some combination of the two.   

  Integration 
 Acquiring component skills does not by itself prepare students to 
perform complex tasks. This is because mastering complex tasks 
requires not only the temporary decomposition of subskills and 
the opportunity to practice them separately, but also their even-
tual recomposition and the opportunity to practice them in com-
bination. Integrating component skills can be diffi cult and 
demanding, as is evidenced in the second story at the beginning 
of this chapter in which Professor Kozol ’ s students struggle to 
integrate and use in combination skills they have learned 
separately. 

 The performance defi cits that Professor Kozol ’ s students 
exhibit when attempting to combine skills are not unusual. Many 
studies have shown that people ’ s performance tends to degrade 
when they are asked to do more than one task at a time 
(Kahnemann,  1973 ; Navon  &  Gopher,  1979 ; Wickens,  1991 ). This 
degradation occurs because performing multiple tasks simultane-
ously tends to require attention to and processing of a great deal 
of information, and yet people have a limit to how much they can 
attend to and process at once. In other words, the total informa-
tion - processing demands imposed by a given task or set of tasks —
 also known as  cognitive load  — can easily exceed what people can 
manage. When people ’ s limit is exceeded, they are left with insuf-
fi cient attention and other cognitive resources to complete the 
task effectively. For example, Strayer and Johnston  (2001)  found 
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that when they asked adults to perform a simulated driving task, 
various measures of performance (for example, the number of 
traffi c signals obeyed and reaction time for braking at red lights) 
declined when a cell - phone conversation task was added to the 
driving task. Furthermore, as the complexity of the cell - phone 
task increased, driving performance worsened. In other words, 
although the participants in this study likely had suffi cient cogni-
tive resources to perform well on the driving task in isolation, the 
more resources that were demanded by the secondary (cell phone) 
task, the fewer resources there were left for driving — leading to 
worse driving performance. 

 The same phenomenon often occurs when people perform a 
single complex task, because complex tasks require people to 
perform multiple skills in concert, which can similarly overload 
people ’ s limited cognitive resources. Thinking back to Professor 
Kozol ’ s acting class, it appears that her students could manage 
the cognitive load of voice, speech, or movement individually in 
classes devoted to each of those skill areas. However, the cognitive 
load of executing and coordinating these skills all at once — while 
incorporating new acting skills — may have been too much for 
them to manage, as revealed in their errors and mistakes. 

 Interestingly, experts do not suffer as much as novices when 
performing complex tasks or combining multiple tasks. Because 
experts have extensive practice within a circumscribed domain, 
the key component skills in their domain tend to be highly prac-
ticed and more automated. Each of these highly practiced skills 
then demands relatively few cognitive resources, effectively lower-
ing the total cognitive load that experts experience. Thus, experts 
can perform complex tasks and combine multiple tasks relatively 
easily (Smith  &  Chamberlin,  1992 ; Lansdown,  2002 ; Beilock, 
Wierenga,  &  Carr,  2002 ). This is not because they necessarily have 
 more  cognitive resources than novices; rather, because of the high 
level of fl uency they have achieved in performing key skills, they 
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can  do  more with what they have. Novices, on the other hand, have 
not achieved the same degree of fl uency and automaticity in each 
of the component skills, and thus they struggle to combine skills 
that experts combine with relative ease and effi ciency. 

 Because instructors, as experts, do not experience the same 
cognitive load as novices, they may have performance expecta-
tions for students that are unrealistically high. This can lead to 
the kind of astonishment and frustration Professor Kozol experi-
ences as her students struggle with an assignment she perceives 
as easy. For her, combining speech, voice, movement, and other 
acting skills is not terribly cognitively demanding, so her students ’  
mistakes seem inexplicable. Fortunately, as students gain mastery 
over time, the knowledge and procedures required for complex 
tasks become automatized and thus require fewer cognitive 
resources. Thus, with practice, students gain greater fl uency in 
executing individual subskills and will be better prepared to tackle 
the complexity of multiple tasks. 

 How then can we help students manage cognitive load as 
they learn to perform complex tasks? One method that has proved 
effective in research studies is to allow students to focus on one 
skill at a time, thus temporarily reducing their cognitive load and 
giving them the opportunity to develop fl uency before they are 
required to integrate multiple skills. For example, Clarke, Ayres, 
and Sweller  (2005)  found that math students who knew little 
about spreadsheets learned less and performed less well when they 
were taught new mathematical concepts in the context of spread-
sheets. This is because they had to learn both the spreadsheet 
skills and the math concepts concurrently, and they became over-
whelmed. However, when these students fi rst learned spreadsheet 
skills and  then  used those skills to learn the mathematics, learning 
and performance improved. Another method to emerge in the 
research is to support some aspects of a complex task while stu-
dents perform the entire task (Sweller  &  Cooper,  1985 ; Cooper  &  
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Sweller,  1987 ; Paas  &  van Merrienboer,  1994 ). For example, Sweller 
and Cooper  (1985)  demonstrated this with students learning to 
solve problems in a variety of quantitative fi elds from statistics to 
physics. They found that when students were given typical word 
problems, it was possible for them to solve the problems without 
actually learning much. This is because the problems themselves 
were suffi ciently demanding that students had no cognitive 
resources available to learn from what they did. But when stu-
dents were given  “ worked - examples ”  (such as presolved problems) 
interspersed with problems to solve, studying the worked - exam-
ples freed up cognitive resources that allowed students to see the 
key features of the problem and to analyze the steps and reasons 
behind problem - solving moves. The researchers found this 
improved students ’  performance on subsequent problem solving. 
This result, called the  worked - example effect,  is one example of a 
process called  scaffolding , whereby instructors temporarily relieve 
some of the cognitive load so that students can focus on particu-
lar dimensions of learning. (For more discussion on scaffolding, 
see Chapter Seven.) 

 A subtle but important point to mention here is that some 
reductions in cognitive load promote learning while others do not 
(Paas, Renkl,  &  Sweller,  2003, 2004 ). The key to reducing cognitive 
load effectively lies in identifying which of the demanding aspects 
of a task are related to the skills students need to learn and which 
may be disruptive to (or distracting from) those learning goals. 
Research has shown that removing extraneous load — that is, 
aspects of a task that make it diffi cult to complete but that are 
unrelated to what students need to learn — is helpful. In contrast, 
reducing load that is germane to what students need to learn will 
naturally be counterproductive in that students will not have a 
chance to practice what they need to learn. To illustrate this dis-
tinction between extraneous and germane load, consider engi-
neering students who are having diffi culty solving practice 
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problems. They have been introduced to a number of different 
formulas over the course of the semester and are having trouble 
keeping them straight. Now, if the instructor ’ s goal is for students 
to learn to select and apply the appropriate formula for each of 
the problems, then giving students a sheet listing all the relevant 
formulas might be a legitimate choice: it would reduce extraneous 
load because students would no longer have to spend their time 
and cognitive resources  remembering  the relevant formulas and 
could focus instead on the skills of selection and application. 
However, if the instructor ’ s goal is for students to be able to 
remember the formulas and then apply each one when told to do 
so, a sheet listing all the formulas would obviously thwart the 
learning goal. 

  Implications of This Research     Performing complex tasks can 
be cognitively demanding for students, particularly when they 
have not yet developed fl uency or automaticity in all the compo-
nent skills. Thus, instructors should have reasonable expectations 
about the time and practice students will need, not only to develop 
fl uency in component skills but also to learn to integrate those 
skills successfully. It can be helpful under some circumstances for 
instructors to strategically lighten aspects of the task that intro-
duce extraneous cognitive load so that students can focus their 
cognitive resources on the aspects of a task most germane to the 
learning objectives. Several specifi c ways to do this are discussed 
in the Strategies section.   

  Application 
 As we have seen, mastery requires component skills  and  the ability 
to integrate them successfully. However, it also requires that stu-
dents know when and where to use what they have learned. When 
students acquire skills but do not learn the conditions of their 
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appropriate application, they may fail to apply skills that are rel-
evant to a task or problem, or, alternatively, apply the wrong skill 
for the context. 

 The application of skills (or knowledge, strategies, approaches, 
or habits) learned in one context to a novel context is referred to 
as  transfer.  Transfer is said to be  near  if the learning context and 
transfer context are similar, and  far  when the contexts are dissimi-
lar. For example, various dimensions of farness come into play 
when a student is given a task in his Public Policy course that 
requires him to apply a statistics formula he learned two semes-
ters previously in Statistics 101. Not only has the knowledge 
domain changed from statistics to public policy, but so too have 
the physical and temporal contexts (a new class, two semesters 
later). If the transfer task were in a different functional context 
altogether, say outside academia, additional transfer distance 
would be introduced (for a discussion of different dimensions of 
transfer, see Barnett  &  Ceci,  2002 ). 

 Far transfer is, arguably, the central goal of education: we 
want our students to be able to apply what they learn beyond the 
classroom. Yet most research has found that (a) transfer occurs 
neither often nor automatically, and (b) the more dissimilar the 
learning and transfer contexts, the less likely successful transfer 
will occur. In other words, much as we would like them to, stu-
dents often do not successfully apply relevant skills or knowledge 
in novel contexts (Singley  &  Anderson,  1989 ; McKeough, Lupart, 
 &  Marini,  1995 ; Thorndike  &  Woodworth,  1901 ; Reed, Ernst,  &  
Banerji,  1974 ; Singley,  1995 ; Cognition and Technology Group at 
Vanderbilt,  1994 ; Singley  &  Anderson,  1989 ; Holyoak  &  Koh, 
 1987 ). In this section, we examine why this is the case by exploring 
issues that can affect transfer negatively and positively. 

 There are a number of reasons students may fail to transfer 
relevant knowledge and skills. First, they may associate that 
knowledge too closely with the context in which they originally 
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learned it and thus not think to apply it — or know how to apply 
it — outside that context. This is called  overspecifi city  or  context 
dependence  (Mason Spencer  &  Weisberg,  1986 ; Perfetto, Bransford, 
 &  Franks,  1983 ). To illustrate: students in a statistics course might 
perform well on their chapter quizzes but perform poorly on a 
fi nal exam involving questions of precisely the same type and dif-
fi culty, but from a number of different chapters. If students relied 
on superfi cial cues to fi gure out which formula to apply on chapter 
quizzes (for example, if it is chapter  12 , it must be a T - test), then 
in the absences of these cues, they may have been unable to iden-
tify the salient features of each problem and select an appropriate 
statistical test. Their knowledge, in other words, was overly context 
dependent and thus not fl exible. Context dependence may also 
account for why students in Professor Kozol ’ s class failed to pho-
netically transcribe their lines. If they associated phonetic tran-
scription narrowly with the physical context in which they learned 
it (speech class), it may not have occurred to them to carry this 
practice over to their acting class. 

 Second, students may fail to transfer relevant skills, knowl-
edge, or practices if they do not have a robust understanding of 
underlying principles and deep structure — in other words, if they 
understand what to do but not why. This might explain some of 
the problems Professor Kozol encountered in the story at the 
beginning of this chapter. If Professor Kozol ’ s students under-
stood some of the functions of vocal warm - ups (for example, to 
prevent vocal strain when singing) but not others (such as to relax 
the voice for greater emotional expressivity), they might not have 
recognized the applicability of this practice to the assigned task. 
In other words, an incomplete understanding of the functions of 
this practice might have affected their ability to apply it appropri-
ately in new contexts. 

 Fortunately, much of the same research that documents 
transfer failure also suggests instructional approaches that can 



How Learning Works

110

bolster transfer. For example, studies have shown that students 
are better able to transfer learning to new contexts when they can 
combine concrete experience within particular contexts and 
abstract knowledge that crosscuts contexts (Schwartz et al.,  1999 ). 
A classic study by Schoklow and Judd (in Judd,  1908 ) illustrates 
this point. The researchers asked two groups of students to throw 
darts at a target twelve inches under water. Predictably, the per-
formance of both groups improved with practice. Then one group 
was taught the abstract principle of refraction, while the other was 
not. When asked to hit a target four inches under water, the group 
that knew the abstract principle adjusted their strategies and sig-
nifi cantly outperformed the other group. Knowing the abstract 
principle helped students transfer their experiential knowledge 
beyond the immediate context in which it was learned and to 
adjust their strategies for new conditions. Similarly, when stu-
dents have the opportunity to apply what they learn in multiple 
contexts, it fosters less context - dependent, more  “ fl exible ”  knowl-
edge (Gick  &  Holyoak,  1983 ). 

 Structured comparisons — in which students are asked to 
compare and contrast different problems, cases, or scenarios —
 have also been shown to facilitate transfer. For example, 
Loewenstein, Thompson, and Gentner ( 2003 ) asked two groups 
of management students to analyze negotiation training cases. 
One group analyzed each case individually; the other group was 
asked to compare cases. The researchers found that the group that 
compared cases demonstrated dramatically more learning than 
the group that considered them individually. Why? Because when 
students were asked to compare cases, they had to recognize and 
identify the deep features of each case that would make it analo-
gous or non - analogous to other cases. Having identifi ed those 
deep features, students could link the cases to abstract negotia-
tion principles, which then allowed them to learn more deeply and 
apply what they learned more effectively. Other methods that 
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have been found to facilitate transfer include analogical reasoning 
(Gentner, Holyoak,  &  Kokinov,  2001 ; Catrambone  &  Holyoak, 
 1989 ; Holyoak  &  Koh,  1987 ; Klahr  &  Carver,  1988 ), using visual 
representations to help students see signifi cant features and pat-
terns (Biederman  &  Shiffrar,  1987 ), and asking students to articu-
late causal relationships (Brown  &  Kane,  1988 ). 

 Finally, research indicates that minor prompts on the part 
of the instructor can aid transfer. In Gick and Holyoak ’ s  (1980)  
study, college students were presented with a passage describing 
a military conundrum in which an army is trying to capture a 
fortress and must ultimately divide into small groups, approach 
from different roads, and converge simultaneously on the fortress. 
After memorizing this information, students were presented with 
a medical problem that required a similar solution (the use of 
multiple laser beams coming from different angles and converg-
ing on a tumor). Despite having just encountered the military 
solution, the large majority of students did not apply what they 
had learned to the medical problem. Even though the physical, 
social, and temporal contexts were the same, the knowledge 
domains (military strategy versus medicine) and functional con-
texts (storming a fortress versus treating a tumor) were suffi ciently 
different that students did not recognize their analogous struc-
tures or think to apply knowledge from one problem to the other. 
However, when students were asked to think about the medical 
problem in relation to the military one, they could solve it suc-
cessfully (Gick  &  Holyoak,  1980 ). Similar results have been shown 
in other studies as well (Perfetto et al.,  1983 ; Klahr  &  Carver,  1988 ; 
Bassok,  1990 ). A little prompting, in other words, can go a long 
way in helping students apply what they know. 

  Implications of This Research     Transfer does not happen easily 
or automatically. Thus, it is particularly important that we  “ teach 
for transfer ”  — that is, that we employ instructional strategies that 
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reinforce a robust understanding of deep structures and underly-
ing principles, provide suffi ciently diverse contexts in which to 
apply these principles, and help students make appropriate 
connections between the knowledge and skills they possess 
and new contexts in which those skills apply. We consider some 
specifi c strategies under the heading,  “ Strategies to Facilitate 
Transfer, ”  later in this chapter.    

  WHAT STRATEGIES DOES THE 
RESEARCH SUGGEST? 

 The following strategies include those faculty can use to (1) 
decompose complex tasks so as to build students ’  skills more 
systematically and to diagnose areas of weakness, (2) help stu-
dents combine and integrate skills to develop greater automaticity 
and fl uency, and (3) help students learn when to apply what they 
have learned. 

  Strategies to Expose and Reinforce 
Component Skills 

  Push Past Your Own Expert Blind Spot     Because of the phe-
nomenon of expert blind spot, instructors may have little con-
scious awareness of all the component skills and knowledge 
required for complex tasks. Consequently, when teaching stu-
dents, instructors may inadvertently omit skills, steps, and infor-
mation that students need in order to learn and perform effectively. 
To determine whether you have identifi ed all the component 
skills relevant for a particular task, ask yourself:  “ What would 
students have to know — or know how to do — in order to achieve 
what I am asking of them? ”  Keep asking this question as you 
decompose the task until you have identifi ed all the key compo-
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nent skills. Many instructors stop decomposing the task too soon 
and thus fail to identify critical component skills their students 
might lack.  

  Enlist a Teaching Assistant or Graduate Student to Help with 
Task Decomposition     As experts in our disciplinary domains, 
we operate in a state of  “ unconscious competence ”  that can make 
it diffi cult to see the component skills and knowledge that stu-
dents must acquire to perform complex tasks. Graduate students, 
on the other hand, tend to be at the  “  conscious  competence ”  stage 
(see Sprague and Stewart ’ s model as illustrated in Figure  4.2 ), and 
thus may be more aware than you are of the necessary component 
skills. Thus, it can be helpful to ask a teaching assistant or gradu-
ate student to help you decompose complex tasks.  

  Talk to Your Colleagues     Another way to overcome expert blind 
spot is to compare notes with colleagues to see how  they  decom-
pose complex tasks, such as research papers, oral presentations, 
or design projects. Although your colleagues have their own expert 
blind spots to overcome, they may have identifi ed skills that you 
have not. Thus it can be helpful to talk with them and ask to 
examine their syllabi, assignments, and performance rubrics for 
ideas. (See Appendix  C  for information on rubrics.)  

  Enlist the Help of Someone Outside Your Discipline     Also 
helpful when you are attempting to decompose a complex task is 
to ask someone outside your discipline to help you review your 
syllabus, lectures, assignments, and other teaching materials. A 
person (such as a teaching consultant or colleague outside your 
discipline) who is intelligent and insightful but does not share 
your disciplinary expertise  or  its blind spots can help you identify 
areas in which you may have inadvertently omitted or skipped 
over important component knowledge or skills.  
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  Explore Available Educational Materials     Many, though not 
all, of the component skills necessary for a particular task are 
specifi c to disciplinary context. Depending on your discipline, 
there may be published work that presents completed task analy-
ses that can help you think about the component skills in your 
course. Check journals on teaching in your discipline.  

  Focus Students ’  Attention on Key Aspects of the Task     If 
students are expending their cognitive resources on extraneous 
features of the task, it diverts those resources from the germane 
aspects of the task. Thus, one way to help students manage cogni-
tive load is to clearly communicate your goals and priorities for 
particular assignments by telling students where to put their ener-
gies — and also where not to. For example, if you assign students 
in your architecture class a task meant to help them explore a wide 
range of creative design solutions, you might explicitly instruct 
them not to spend time getting the details right or making their 
designs aesthetically pleasing, but rather to generate as many dif-
ferent design solutions as possible. Rubrics that spell out your 
performance criteria for particular assignments can help students 
focus their cognitive resources where they best serve your learning 
objectives. (See Appendix  C  for more information on and exam-
ples of rubrics.)  

  Diagnose Weak or Missing Component Skills     To assess your 
students ’  competence vis -  à  - vis component skills and knowledge, 
consider giving a diagnostic exam or assignment early in the 
semester (see Appendix  A  for information on developing student 
self - assessments). If a small number of students lack key skills, 
you can alert them to this fact and direct them to resources (aca-
demic support on campus, tutoring, additional readings) to help 
them develop these skills on their own. If a large number of stu-
dents lack key prerequisite skills, you might opt to devote some 
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class time to addressing them or hold an informal review session 
outside class. You can also assess your students ’  understanding of 
subject matter in your own course by analyzing the patterns of 
mistakes students make on exams, papers, oral presentations, and 
so on. The information you gain from these kinds of ongoing 
analyses can help you design instruction to reinforce critical skills, 
or improve the next iteration of the course.  

  Provide Isolated Practice of Weak or Missing Skills     Once 
you have identifi ed important missing skills, create opportunities 
(such as homework assignments or in - class activities) for students 
to practice those skills in relative isolation. For example, if stu-
dents are writing conclusions to their papers that simply restate 
the topic paragraph or descend into banalities — and you perceive 
this as an obstacle to achieving one of your learning objectives —
 you might (1) ask students to read the conclusions of several 
articles and discuss what makes them compelling or not compel-
ling, (2) have them write a conclusion for an article that is missing 
one, and (3) critique their conclusions together. Similarly, in a 
class focused on quantitative problem solving, you might ask stu-
dents to plan a problem - solving strategy without actually carrying 
it out. This focuses their energies on one aspect of the task —
 planning — and builds that particular skill before allowing stu-
dents to jump into calculations.   

  Strategies to Build Fluency and 
Facilitate Integration 

  Give Students Practice to Increase Fluency     If diagnostic 
assessments, such as those described above, reveal that students 
can perform key component skills but they continue to do them 
ineffi ciently and with effort, you might want to assign exercises 
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specifi cally designed to increase students ’  speed and effi ciency. In 
a language class, for example, this might involve asking students 
to drill verb conjugations until they come easily. In a quantitative 
class, it might involve assigning supplementary problem - solving 
exercises to build automaticity in a basic mathematical skill —
 vector arithmetic, for example. When providing practice intended 
to increase automaticity, explain your rationale to your students. 
For example:  “ It is important not only that you can do these cal-
culations, but also that you can do them quickly and easily, so 
that when you are solving a complex problem you do not get 
bogged down in the basic mathematical calculations. These exer-
cises are to increase your effi ciency. ”  You should also be explicit 
about the level of fl uency you expect students to achieve, as illus-
trated in these examples:  “ You should practice these to the point 
that you can solve an entire page of problems in less than fi fteen 
minutes without the use of a calculator ”  or  “ You should be able 
to scan a thirty - page journal article and extract its main argument 
in less than fi ve minutes. ”   

  Temporarily Constrain the Scope of the Task     It can be 
helpful to minimize cognitive load temporarily while students 
develop greater fl uency with component skills or learn to inte-
grate them. One way to do this is by initially reducing the size or 
complexity of the task. For example, a piano teacher might ask 
students to practice only the right hand part of a piece, and then 
only the left hand part, before combining them. If the student still 
struggles to integrate the two parts successfully, the teacher might 
ask her to practice only a few measures, until she develops greater 
fl uency at coordinating both hands. Similarly, a typography 
instructor might give an assignment early in the semester in which 
students must create a design using only font and font size but 
no other design elements. Once students have practiced these 
particular components, the instructor can then add additional 
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elements, such as color or animations, adding to the level of com-
plexity as students gain fl uency in the component skills.  

  Explicitly Include Integration in Your Performance Criteria     
As we have seen, integration is a skill in itself. Thus, it is reason-
able to include the effective integration of component parts in 
your performance rubrics for complex tasks. For example, on the 
rubric for a group project and presentation, you could include 
the seamless integration of every member ’ s contribution to the 
project, or a consistent voice, as features of high - quality perfor-
mance (see Appendix  C  for information on rubrics). Likewise, on 
an analytical paper, you could identify the coherence or  “ fl ow ”  of 
ideas as an important dimension of performance.   

  Strategies to Facilitate Transfer 
  Discuss Conditions of Applicability     Do not assume that 
because students have learned a skill that they will automatically 
know where or when to apply it. It is important to clearly and 
explicitly explain the contexts in which particular skills are — or are 
not — applicable (for example, when one might collect qualitative 
versus quantitative data, use a T - test, or transcribe lines of dia-
logue phonetically). Of course, there will not always be a single 
 “ best ”  solution or approach, in which case it is helpful to ask 
students to discuss the pros and cons of different approaches (for 
example,  “ What objectives are and are not served by staging a play 
in a minimalist style? ”  or  “ What do you gain and lose by using a 
questionnaire instead of a face - to - face interview? ” ). Explicitly dis-
cussing the conditions and contexts of applicability can help stu-
dents transfer what they know more successfully.  

  Give Students Opportunities to Apply Skills or Knowledge 
in Diverse Contexts     When students practice applying skills 
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across diverse contexts it can help them overcome context - depen-
dence and prepare them better to transfer that skill to novel con-
texts. So when possible, give students opportunities to apply a 
particular skill (or knowledge) in multiple contexts. For example, 
if you are teaching students a set of marketing principles, you 
might assign multiple case studies to give students the opportu-
nity to apply those principles in the context of very different 
industries.  

  Ask Students to Generalize to Larger Principles     To increase 
the fl exibility of knowledge and thus the likelihood of transfer, 
encourage students to generalize from specifi c contexts to abstract 
principles. You can do this by asking questions such as  “ What is 
the physical principle that describes what is happening here? ”  or 
 “ Which of the theories we have discussed is exemplifi ed in this 
article? ”  Asking students to step back from the details of particu-
lar problems or cases and focus on larger principles can help them 
refl ect on and, one hopes, transfer and adapt the skills they are 
learning to new contexts.  

  Use Comparisons to Help Students Identify Deep Features     
Students may fail to transfer knowledge or skills appropriately if 
they cannot recognize the meaningful features of the problem. 
Providing your students with structured comparisons — of prob-
lems, cases, scenarios, or tasks — helps them learn to differentiate 
the salient features of the problem from the surface characteris-
tics. For example, in a physics class you might present two prob-
lems in which the surface features are similar (they both involve 
pulleys) but the physics principles at work are different (coeffi -
cient of friction versus gravity). Or you could present two prob-
lems in which the surface features are different (one involves a 
pulley and one involves an inclined plane) but the physics prin-
ciple is the same. Structured comparisons such as these encourage 
students to identify and focus on underlying, structural similari-
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ties and differences and caution them not to be fooled by super-
fi cial features. This can then help them recognize the deep features 
of novel problems and thus facilitate successful transfer.  

  Specify Context and Ask Students to Identify Relevant Skills 
or Knowledge     Help students make connections between prob-
lems they might confront and the skills and knowledge they 
possess by giving them a context — a problem, case, or scenario —
 and asking them to generate knowledge and skills (for instance, 
rules, procedures, techniques, approaches, theories, or styles) that 
are appropriate to that context. For example,  “ Here is a statistical 
problem; which of the tests you know could be used to solve it? ”  
or  “ Here is an anthropological question you might want to inves-
tigate; what particular data - gathering methods could you use to 
answer it? ”  Then vary the context by asking  “ what if ”  questions, 
such as  “ What if this involved dependent variables? Could we still 
use this test? ”  or  “ What if the subjects of your research were chil-
dren? Could you still employ that methodology? ”  It is not always 
necessary for students to  do  the actual application (apply the sta-
tistical test, conduct the ethnographic research) but rather to  think  
about the features of the problem in relation to particular 
applications.  

  Specify Skills or Knowledge and Ask Students to Identify 
Contexts in Which They Apply     To further help students make 
connections between skills and knowledge they possess and 
appropriate applications, turn the strategy described above 
around. In other words, specify a particular skill (for instance, a 
technique, formula, or procedure) or piece of knowledge (for 
example, a theory or rule) and ask students to generate contexts 
in which that skill or knowledge would apply. For example,  “ Give 
me three statistical problems that a T - test could help you solve ”  
or  “ Here is a data - gathering method used in ethnographic research; 
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what questions could it be used to investigate? ”  Again, it is not 
necessary for students to do the actual application, but rather to 
think about the applicability of particular skills and knowledge 
to particular problems.  

  Provide Prompts to Relevant Knowledge     Sometimes students 
possess skills or knowledge that are relevant to a new problem or 
situation but do not think to apply what they know. Small 
prompts to relevant knowledge and skills (such as  “ Where have 
we seen this style of brushwork before? ”  or  “ Would this concept 
be relevant to anything else we have studied? ”  or  “ Think back to 
the bridge example we discussed last week ” ) can help students 
make connections that facilitate transfer. Over time, prompts 
from the instructor may become unnecessary as students learn to 
look for these connections on their own.    

  SUMMARY 

 In this chapter we have argued that in order to develop mastery, 
students must acquire a set of component skills, practice combin-
ing and integrating these components to develop greater fl uency 
and automaticity, and then understand the conditions and con-
texts in which they can apply what they have learned. Students 
need to have these three elements of mastery taught and rein-
forced through practice. However, because instructors have often 
lost conscious awareness of these aspects of expert practice, they 
may inadvertently neglect them in their instruction. Consequently, 
it is of particular importance that instructors deliberately regain 
awareness of these elements of mastery so they can teach their 
students more effectively.    
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  C H A P T E R  5 

  What Kinds of 
Practice and Feedback 
Enhance Learning?              

     When Practice Does Not Make Perfect  …  
 I teach a public policy course to juniors, and I believe strong 
communication skills are essential to moving up the ranks in 
the public sector. As a result, I require my students to write 
frequently. The three papers I assign focus on the different 
types of writing my students will potentially do: a policy 
briefi ng, a persuasive memo to their boss, and an editorial for 
a newspaper. I had expected the students ’  writing on these 
assignments to be at least decent because all of our students 
are required to take two writing courses in their fi rst year. 
Then, when I saw the serious problems in their fi rst papers, I 
thought at least I could help them improve. So I have been 
spending an enormous amount of time grading and writing 
margin comments throughout their papers, but it does not 
seem to be doing any good: the second and third assignments 
are just as bad as the fi rst. As much as I think these 
assignments are useful because they prepare students for their 
future professional lives, I am ready to nix them because the 
students ’  writing is so poor and my efforts are bringing about 
little or no improvement. 

  Professor Norman Cox   
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  WHAT IS GOING ON IN THESE STORIES? 

 In both stories, the professors and their students seem to be 
putting in time and effort without reaping much benefi t. For 
example, Professor Cox makes lengthy comments on his students ’  
writing but fails to see any improvement across assignments. 
Professor Strait ’ s students spend an inordinate amount of time 
on aspects of the presentation that actually matter least to her, 

  They Just Do Not Listen! 
 Last semester, when I taught Medical Anthropology, the 
students ’  research presentations were all glitz and very little 
substance. So this time, because this project is worth 50 
percent of their fi nal grade, I tried to forewarn my students: 
 “ Do not be seduced by technology; focus on substantive 
anthropological arguments and create engaging 
presentations. ”  And yet, it happened again. Last Tuesday, 
student after student got up in front of the class with what 
 they  believed to be engaging presentations — fancy fonts in their 
PowerPoint slides, lots of pictures swishing on and off the 
screen, embedded video clips, and so on. It was clear they 
had spent hours perfecting the visuals. Unfortunately, 
although their presentations were visually stunning, the 
content was very weak. Some of the students had not done 
thorough research, and those who did tended merely to 
describe their fi ndings rather than craft an argument. In other 
cases, students ’  arguments were not supported by suffi cient 
evidence, and most of the images they included were not even 
connected to the research fi ndings. I thought I was clear in 
telling them what I wanted and did not want. What is it going 
to take to make them listen? 

 Professor Tanya Strait   
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despite the guidance she gave them. And both professors are 
understandably frustrated that students ’  learning and perfor-
mance is not up to expectations. A theme running through both 
stories is that time is being misspent — just the kind of mistake 
that neither students nor instructors can afford to make. 

 In the fi rst story, Professor Cox ’ s students probably enter his 
course with only basic writing skills. Unfortunately, even though 
the students may begin to develop additional writing skills through 
the practice they get during the fi rst writing assignment, these new 
skills are not built upon through the later assignments. Recall that 
Professor Cox ’ s assignments involve different genres (policy brief-
ing, memo, and editorial). This means they involve somewhat 
different writing skills to address the distinct goals, audiences, and 
writing styles specifi c to each (see Chapter  Four ). Moreover, even 
though Professor Cox gives plenty of comments on his students ’  
papers, the students probably have little opportunity to incorpo-
rate this feedback into further practice because each subsequent 
assignment is so different from the previous ones. 

 In the second story, Professor Strait tells her students that 
their arguments should have substance and their presentations 
should be engaging. However, her students seem not to under-
stand what constitutes a substantive anthropological argument 
based on thorough research or what characteristics she identifi es 
with engaging presentations. Although it is true that Professor 
Strait ’ s students have spent the bulk of the semester reading and 
analyzing anthropological arguments, they have had relatively 
little opportunity to conduct library research and construct argu-
ments of their own. So this partly explains their disconnect. 
Similarly, although these students have accumulated a good 
deal of prior experience giving oral presentations, they have not 
done so earlier in her course, so they mistakenly equate putting 
glitz in their presentations with what Professor Strait wants. Thus, 
the students probably have only minimal skill at argument 
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construction and yet great familiarity with applying technical 
skills to prepare PowerPoint slides (for example, adding anima-
tions, pictures, and sound). Thus, it appears that these students 
are falling back on the more comfortable task of working on 
visuals at the expense of articulating an argument in their presen-
tations. Professor Strait reasonably assumes that her warnings 
should be suffi cient to guide students, but students often need 
signifi cantly more guidance and structure than we would expect 
in order to direct their efforts productively. With only one chance 
to  “ get it right ”  with regard to this large - scale project, these stu-
dents end up losing a key learning opportunity.  

  WHAT PRINCIPLE OF LEARNING IS 
AT WORK HERE? 

 We all know that practice and feedback are essential for learning. 
Unfortunately, the biggest constraint in providing suffi cient prac-
tice and feedback to students is the time it takes — both on the part 
of students and faculty. Although we cannot control the length 
of a semester or class period, we can be more  effi cient  in designing 
practice opportunities and giving feedback. Thus, this chapter 
focuses on ways to  “ work smarter ”  by exploring what kinds of 
practice and feedback are most productive. 

 It is important to acknowledge that all practice is not equal. 
In particular, there are more and less effective ways students can 
practice. Consider two music students who spend the same 
amount of time practicing a piece after having made several errors 
in a diffi cult passage. If one of the students practices for an hour, 
spending the majority of that time working on the diffi cult 
passage and then playing that passage in the context of the whole 
piece, this student will be likely to show sizeable performance 
gains. However, if the other student spends the same hour but 
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uses that time to play through the whole piece a few times, much 
of that time will be spent suboptimally by practicing parts of the 
piece that were already mastered. This is reminiscent of Professor 
Strait ’ s students, who seem to spend much of their time on what 
they already know — how to make fancy PowerPoint slides — only to 
miss their main chance at practicing less developed skills. In other 
words,  how  students spend their time on a learning activity (either 
in or out of class) determines the benefi ts they gain. 

 This problem of unproductive practice is even worse when 
students fail to receive suffi cient feedback along the way. Think 
about the fi rst music student who spent considerable time on the 
problematic passage rather than playing the whole piece multiple 
times. Even though this student ’ s approach had greater potential 
to fi x all the errors, this student could have introduced new errors 
without realizing it because no feedback was provided. In this way, 
lacking feedback, the fi rst student ’ s practice actually could have 
entrenched new, bad habits. This example highlights the critical 
role that feedback plays in keeping learners ’  practice moving 
toward improvement. In other words, students need both produc-
tive practice  and  effective feedback.     

  Principle :  Goal - directed  practice coupled with  targeted  
feedback are critical to learning. 

 At one level, this principle states the obvious: practice is 
important, and feedback is helpful to learning. To be clear about 
terminology, we defi ne  “ practice ”  as any activity in which students 
engage their knowledge or skills (for example, creating an argu-
ment, solving a problem, or writing a paper). We defi ne  “ feedback ”  
as information given to students about their performance that 
guides future behavior. However, the full potential of practice and 
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feedback is not realized unless the two are effectively combined. 
For example, Professor Cox provides an enormous amount of 
feedback, but it is not coordinated with practice opportunities in 
which students could incorporate the feedback and refi ne a 
repeated set of skills. In contrast, when practice and feedback are 
focused on the same aspects of students ’  performance, students 
have the chance to practice and refi ne a consistent body of new 
knowledge and skill. Figure  5.1  depicts this interaction as a cycle: 
practice produces observed performance that, in turn, allows for 

     Figure 5.1.     Cycle of Practice and Feedback  
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targeted feedback, and then the feedback guides further practice. 
This cycle is embedded within the context of learning goals that 
ideally infl uence each aspect of the cycle. For example, goals can 
direct the nature of focused practice, provide the basis for evaluat-
ing observed performance, and shape the targeted feedback that 
guides students ’  future efforts.     

 Although practice and feedback ideally go hand in hand — as 
this chapter ’ s principle and Figure  5.1  indicate — each has a size-
able body of literature. So we discuss the research in two major 
sections below — one on practice and the other on feedback — and 
highlight the importance of their coordination.  

  WHAT DOES THE RESEARCH TELL US 
ABOUT PRACTICE? 

 Research has shown that learning and performance are best fos-
tered when students engage in practice that (a) focuses on a spe-
cifi c goal or criterion for performance, (b) targets an appropriate 
level of challenge relative to students ’  current performance, and 
(c) is of suffi cient quantity and frequency to meet the performance 
criteria. The following sections focus on these three characteris-
tics of practice. 

  Focusing Practice on a Speci! c Goal or Criterion 
 Research shows that the amount of time someone spends in  delib-
erate practice  is what predicts continued learning in a given fi eld, 
rather than time spent in more generic practice (Ericsson, Krampe, 
 &  Tescher - Romer,  2003 ). One of the key features of deliberate 
practice is that it involves working toward specifi c goals. As an 
illustration of the power of such goal - oriented practice, research 
shows that world - class musicians spend much of their time 
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engaging in rather demanding practice activities, continually 
monitoring their performance toward a particular goal, and then, 
once it is achieved, pushing themselves to strive for a new goal 
(Ericsson  &  Lehmann,  1996 ; Ericsson  &  Charness,  1994 ). In con-
trast, we all know of people who have studied a musical instru-
ment — even spending considerable time practicing it — but who do 
not achieve a very high level of performance. Ericsson ’ s explana-
tion of these contrasting paths is that those who spend their 
considerable practice time working deliberately toward a specifi c 
goal tend to go on to be expert musicians, whereas those who do 
not engage in such deliberate practice do not. 

 Intuitively, it makes sense that having specifi c goals for 
practice would be helpful to learning. Goals provide students 
with a focus for their learning, which leads to more time and 
energy going to that area of focus. Consistent with this, Rothkopf 
and Billington  (1979)  found that students who had specifi c 
goals when they were learning from a text paid more attention 
to passages that were relevant to their goals and hence learned 
those passages better. Another advantage of having a goal to 
direct one ’ s learning is that one can monitor (and hence 
adjust) one ’ s progress toward that goal along the way (see 
Chapter  Seven ). 

 A key challenge in providing goal - directed practice is that 
instructors often think they are conveying specifi c goals to stu-
dents when, in fact, they are not. This is natural because, as experts, 
we often see things very differently from our students (see Chapter 
 Four ), and so we tend not to recognize when our stated goals are 
unclear to students or when students are likely to misinterpret 
our criteria. A case in point is Professor Strait, who thought she 
was being clear by advising her students to focus on  “ substantive 
anthropological arguments ”  and  “ engaging presentations ”  — two 
ideas that carried specifi c meaning in her fi eld of expertise. 
However, her students did not share that expertise, so they did not 
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share her sense of the specifi c goals for their work. Without a clear 
idea of what Professor Strait wanted, the students  “ fi lled in the 
blanks ”  based on their prior experience (see Chapter  One ). 
Unfortunately, in this case, students ’  interpretations of the goals 
led them to spend their time in a way that gave more practice 
to skills they already had developed (such as creating glitzy 
PowerPoint presentations) and less practice to skills they needed 
to develop (such as creating anthropological arguments). 

 When instructors do not clearly articulate their goals, it is 
diffi cult for students to know what (or how) to practice. For 
example, giving students the goal of   “ understanding a key 
concept ”  tells rather little about the nature or level of understand-
ing students should be trying to attain. In contrast, the goals of 
 “ recognizing when a key concept is at issue ”  or  “ explaining the 
key concept to a particular audience ”  or  “ applying the key concept 
to solve problems ”  are more concrete and directive. Note that 
these more specifi cally stated goals share several key features. 
First, they all are stated in terms of something students  do , which 
automatically leads to more concrete specifi cations that students 
can more easily interpret correctly. Second, all of these goals are 
stated in such a way that students ’  performance can be monitored 
and measured (by instructors as well as students themselves), 
which enables the provision of feedback to help students refi ne 
their performance or learning. For more information on articulat-
ing effective learning goals (also called learning outcomes or 
objectives), see Appendix  D . 

 The notion of articulating goals in a measureable way still 
leaves open the question (to students and instructors) of  how much  
of a particular measureable quality is enough for the goal to be 
achieved. Research has shown that clearly specifi ed performance 
criteria can help direct students ’  practice and ultimately their 
learning. For example, Goodrich Andrade  (2001)  found that creat-
ing a rubric (a clear description of the characteristics associated 
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with different levels of performance; see Appendix  C ) and sharing 
it with students when an assignment is distributed leads to 
better  outcomes — both in terms of  the  quality  of  work pro -
duced and students ’  knowledge of the qualities associated with 
good work. 

 An important caveat here, however, is that the goals one 
specifi es must be in accord with what one really wants students 
to learn. For example, Nelson  (1990)  studied a case in which stu-
dents were given detailed specifi cations for a research paper, such 
as the requirement to include at least three pieces of evidence sup-
porting their argument. In writing their papers, students took this 
and other similar prescriptions to heart and included the required 
pieces of evidence in their writing. An important missing piece, 
however, was that the paper assignment did not specify higher -
 level goals such as having a well - organized paper or making a 
coherent argument. Thus, although these students included the 
required pieces of evidence in their papers, they tended to fall 
short on other important criteria. A key implication of this work 
is that explicitly communicating goals for students ’  performance 
can indeed guide their work, but one must be sure that those goals 
are ones that will support students in what they need to do and 
learn.  

  Identifying the Appropriate Level of Challenge 
for Practice 

 Specifying goals and criteria is not enough. To ensure that stu-
dents ’  practice has a signifi cant effect on learning, the practice 
they do should be at an appropriate level of challenge and, as 
necessary, accompanied by the appropriate amount and type of 
support. An appropriate level of challenge is neither too hard (the 
student struggles, makes many errors, and possibly gives up) nor 
too easy (the student completes the goal without much effort and 
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is not pushed to improve). This relates to the notion of deliberate 
practice mentioned earlier. As it turns out, deliberate practice 
more specifi cally is defi ned as working toward a  reasonable yet chal-
lenging goal  (Ericsson, Krampe,  &  Tesch - Romer,  2003 ). 

 Identifying the appropriate level of challenge seems possible, 
albeit potentially time consuming, to accomplish in one - on - one 
teaching and learning situations. Indeed, research has shown that 
the success of one - on - one tutoring is in large part driven by this 
capacity to tailor instruction to an individual student ’ s needs 
(Anderson, Corbett, Koedinger,  &  Pelletier,  1995 ; Bloom,  1984 ; 
Merrill, Reiser, Ranney,  &  Trafton,  1992 ). Instructors who, given 
practical constraints, cannot provide different levels of challenge 
for individual students will be glad to know that research has also 
shown benefi ts from adjusting the diffi culty of a practice task to 
fi t students ’  needs at the group level. In one study, Clarke, Ayres, 
and Sweller  (2005)  designed an instructional unit to teach stu-
dents mathematical concepts and procedures through the use of 
a spreadsheet application. Instruction was either sequential 
(focused on learning spreadsheet skills fi rst and then using those 
skills to learn the mathematics) or concurrent (learning and using 
these skills simultaneously). They found that, for students with 
little prior knowledge of spreadsheets, the concurrent learning 
condition was too demanding; these students showed better 
mathematics learning and performance in the sequential condi-
tion, where the tasks were presented in isolation, making the 
challenge level more reasonable. Correspondingly, the opposite 
pattern held for more knowledgeable students. These results rein-
force the idea that when novices are given too great a challenge, 
learning is hampered. This was probably part of the problem faced 
by Professor Strait ’ s students, who were asked to take on chal-
lenges they had not practiced before (doing research in medical 
anthropology, constructing an argument of their own, and creat-
ing an engaging presentation). 
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 Given a particular instructional activity, then, how can one 
effectively adjust it to target the appropriate level of challenge for 
different students, particularly those students who might not be 
quite ready to take on the activity in its full form? Research has 
shown that adding structure and support — also called  instructional 
scaffolding  — to a practice activity in or out of class promotes learn-
ing when it helps students practice the target skills at an appropri-
ate level of challenge. This relates to Vygotsky ’ s Zone of Proximal 
Development, which defi nes the optimal level of challenge for a 
student ’ s learning in terms of a task that the student cannot 
perform successfully on his or her own but could perform success-
fully with some help from another person or group. A research 
study by Palincsar and Brown  (1984)  shows the success of this 
approach in helping students who were learning to read texts 
actively rather than passively. In particular, the researchers devel-
oped a protocol for pairs of students to follow in which students 
switched back and forth between the role of teacher and student, 
with the  “ teacher ”  asking the  “ student ”  a set of questions designed 
to exercise four strategic subskills of active reading — questioning, 
clarifying, summarizing, and predicting. These researchers found 
that when active reading skills were explicitly supported in this 
way, students ’  overall comprehension and retention improved 
markedly. 

 Research also indicates that instructional support does not 
need to come directly from another person to be helpful. For 
instance, Bereiter and Scardamalia developed a set of written 
prompts to help writing students target their efforts on two oft -
 neglected stages of the writing process: planning and revision. 
Because students did not naturally engage in these two stages on 
their own, following the prompts shifted their attention and 
effort toward (a) generating, refi ning, and elaborating their ideas 
and (b) evaluating their own writing, diagnosing problems, and 
deciding on revisions. As a result, students ’  writing process and 
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product showed signifi cant improvements, including a ten - fold 
increase in the frequency of idea - level revisions (Bereiter  &  
Scardamalia,  1987 ). This set of research results suggests that if 
Professor Strait had employed various kinds of instructional scaf-
folds to support her students in completing their fi nal project 
presentations, they probably would have spent their practice time 
more effectively, learned more from it, and lived up to her expecta-
tions on the fi nal project presentation. 

 Another advantage of fi nding an appropriate challenge level 
for students ’  practice is that it can help students remain moti-
vated to sustain their efforts (see Chapter  Three ). For example, if 
a challenge is too great, learners may have a negative expectation 
for success and hence become disengaged and apathetic. In con-
trast, if students feel that the challenge is reasonable, they will 
likely hold a positive expectation for success that will increase 
their tendency to persevere and work hard for the goal. Finally, 
engaging in a task that is at the right level of challenge for a per-
son ’ s knowledge and skills is one of the key predictors of  fl ow  — 
the state of consciousness in which a person is totally engaged 
in and experiencing deep enjoyment of a particular task 
(Csikszentmihalyi,  1991 ).  

  Accumulating Practice 
 In addition to identifying the two features that make practice 
most productive — goal - directed and appropriately challenging —
 research in this area also reiterates the importance of  time on task.  
In other words, even if students have engaged in high - quality 
practice, they still need a suffi cient  quantity  of practice for the 
benefi ts to accumulate (Healy, Clawson,  &  McNamara,  1993 ; 
Martin, Klein,  &  Sullivan,  2007 ). The idea that the benefi ts of 
practice accumulate only gradually may seem obvious, but 
the practical constraints of time and resources often lead faculty 
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to move from concept to concept or skill to skill rather quickly, 
giving students no more than a single opportunity to practice 
each. For example, Professor Cox is giving his students exposure 
to multiple genres, but this comes at the expense of giving stu-
dents only a single opportunity to develop their skills at writing 
in each of the genres he has assigned. If his goal is to simply expose 
students to the three different genres, without expecting them to 
gain profi ciency in any of them, then the design of his activities 
is appropriate. But if his goal is for students — by the end of the 
course — to be able to write in each of the three genres at a profes-
sional level, then they would need more time on task. 

 Generally speaking, both professors and students underesti-
mate the need for practice. Students often assume that when they 
can perform a task on one occasion in one context, their knowl-
edge is secure when, in fact, it is much more diffi cult than that 
(see Chapter  Four ). It takes much more than one trial to learn 
something new, especially if the goal is for that new knowledge to 
be retained across time and transferred to new contexts. 

 Although it is true that the benefi ts of practice accrue gradu-
ally, it is important to note that the knowledge or skill gained by 
a given amount of additional practice often depends on where the 
student is in his or her learning process. As Figure  5.2  indicates, 
the early and late phases of learning tend to show relatively little 
effect of practice relative to the middle phase. These fl atter por-
tions at both ends of the curve tend to occur for two reasons.   

 The fi rst reason is that the measures students often use to 
monitor their learning, such as accuracy, tend to be less sensitive 
at the extremes. So even though learning may be occurring, stu-
dents do not see evidence of the change and hence feel like they 
are at a plateau. For example, consider a student who has just 
started learning to play the violin. Even though this student may 
be improving in several ways (better recall of the fi nger positions 
for different notes, increased accuracy in placement of the bow), 
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the sound produced may be so poor that improvements are hard 
to detect. Or imagine a student learning to program in a new 
computer language. Early on, the student may be making so many 
errors in programming syntax that it is hard to discern that he or 
she is formulating increasingly better algorithms. A similar lack 
of sensitivity to changing performance tends to occur on the 
upper end of learning because in this later phase students have 
managed to refi ne their performance to such a degree that they 
do not perceive changes, or the changes may occur in aspects of 
performance to which they are not attending. For example, 
advanced students may not recognize that they have actually 
improved in their ability to complete tasks more quickly and with 
less effort than they could before, or they may not realize that they 
are now able to refl ect on their own processes  while  they complete 
complex tasks. Thus, because of this phenomenon at the early and 
late phases of learning, it is all the more important for instructors 
to highlight for students how their performance is changing or to 
provide more refi ned goals and criteria so that students can 
discern that they are improving. 

     Figure 5.2.     Unequal Effects of Practice on Performance  
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 The second reason that the learning curve in Figure  5.2  tends 
to be fl atter at both ends is that the tasks we naturally assign for 
practice tend to pose too great a challenge for beginning students 
and too little challenge for accomplished students. As discussed 
earlier, when students engage in practice that is either too chal-
lenging or not challenging enough, their learning is hampered. 
This reason offers additional support for the notion of setting an 
appropriate level of challenge for students. 

 In contrast to the early and late phases of learning, the 
middle part of the curve in Figure  5.2  is steep, which indicates 
students are able to see large improvements in performance with 
additional practice. This is because students in this phase have a 
foundation of knowledge and skills upon which to build and 
because they are more likely to be able to detect improvements in 
their performance. This may also explain why students sometimes 
appear to  “ take off ”  in their development of knowledge and skill 
only after they have achieved a certain amount of learning.  

  Implications of This Research 
 Overall, the implications of the body of research on practice are 
that to achieve the most effective learning, students need  suffi cient  
practice that is  focused  on a specifi c goal or set of goals and is at 
an  appropriate level of challenge.  Given the constraints of time and 
resources that we must face, however, it is often diffi cult or impos-
sible to increase students ’  practice time (either in or out of the 
class). Instead, the results in this chapter highlight the benefi ts of 
using a given amount of practice time more effi ciently by focusing 
students ’  efforts on what they need to learn (rather than what they 
already know or may be more comfortable doing) and setting 
their goals for performance at a reasonable and productive level 
of challenge.   
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  WHAT DOES THE RESEARCH TELL US 
ABOUT FEEDBACK? 

 Goal - directed practice alone is insuffi cient to foster students ’  
learning. Goal - directed practice must be coordinated with tar-
geted feedback in order to promote the greatest learning gains. 
The purpose of feedback is to help learners achieve a desired level 
of performance. Just as a map provides key information about a 
traveler ’ s current position to help him or her fi nd an effi cient 
route to a destination, effective feedback provides information 
about a learner ’ s current state of knowledge and performance that 
can guide him or her in working toward the learning goal. In other 
words, effective feedback can tell students  what  they are or are not 
understanding,  where  their performance is going well or poorly, 
and  how  they should direct their subsequent efforts. 

 Taking this map analogy a step further, imagine trying to 
fi nd your way through a maze without any guiding information 
as to where you are relative to the entrance or exit; you could 
wander in circles without even realizing it, waste time, and become 
confused — even if you ultimately do fi nd your way out of the maze. 
This situation is akin to the position that students are in without 
effective feedback. It is not surprising, then, that effective feed-
back can greatly facilitate students ’  learning. For example, con-
sider two students who have the same misconception that leads 
them to solve several problems incorrectly. Suppose, however, that 
these two students receive feedback on their work at different 
times and with different content. One student solves all of these 
problems in a single, large homework assignment and, after sub-
mitting the assignment, gets it back a week later with the letter 
grade  “ C. ”  He notices from the points marked off that he failed 
to get full credit for even a single problem, so he infers that he is 
totally lost on this topic. Suppose the other student is in a course 
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where the instructor includes a bit of problem - solving practice in 
each class session and then highlights some natural mistakes and 
how to remediate them after students have a chance to try a 
couple of problems. This student rather quickly gets some input 
from the instructor, indicating that in two of the practice prob-
lems he was making the same error. Once this is identifi ed, the 
student is able to correct his understanding and then go on to 
solve that week ’ s homework problems with this in mind. 

 Note that based on the different timing and content of the 
feedback, these two students may take very different paths from 
this point onward in the course. The fi rst student, not realizing 
that it was only a single misconception that led to his level of 
performance, may believe he is unable to learn the current topic 
and hence skip any opportunities for further practice (for example, 
not bothering to study for the upcoming exam). The second 
student, armed with information about where he went wrong, can 
work on additional problems to strengthen his new understand-
ing of this tricky issue. In other words, feedback at the right time 
and of the right nature can promote students ’  learning not only 
in the present but also in the future. 

 Consistent with this example, research points to two features 
of feedback that make students ’  learning more effective and effi -
cient: content and timing. First, feedback should communicate to 
students where they are relative to the stated goals and what they 
need to do to improve. Second, feedback should provide this 
information when students can make the most use of it, based on 
the learning goals and structure of activities you have set for them. 
Like so many aspects of teaching and learning, there is no single 
approach to feedback that will work across the variety of situa-
tions students and instructors encounter. Rather, the content and 
timing of feedback need to be considered in terms of the learning 
goals we have for our students, students ’  incoming level of knowl-
edge and profi ciency, and the practical constraints of the course. 
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Research on what tends to make the content and timing of feed-
back most effective is discussed in the following two sections. 

  Communicating Progress and Directing 
Subsequent E" ort 

 Feedback is most effective when it explicitly communicates to 
students about some specifi c aspects of their performance relative 
to specifi c target criteria, and when it provides information that 
helps students progress toward meeting those criteria. This kind 
of feedback, which informs students ’  subsequent learning, is often 
called  formative  feedback. In contrast,  summative  feedback is that 
which gives a fi nal judgment or evaluation of profi ciency, such as 
grades or scores. 

 Extending our earlier analogy between using a map to navi-
gate and receiving feedback to learn, consider a more sophisti-
cated navigational aid such as a global positioning system (GPS). 
A GPS has the capability of tracking a traveler ’ s current position 
relative to a destination. To be helpful, a GPS needs to communi-
cate more than the fact that the traveler is far away from the 
destination; ideally, it needs to identify how far the traveler is from 
the destination and provide directions to help the traveler reach 
it. Similarly, effective feedback needs to do more than simply tell 
a student that he or she is wrong; effective feedback involves 
giving students a clear picture of how their current knowledge or 
performance differs from the goal and providing information on 
adjustments that can help students adjust to reach the goal. 

 Research has long shown that feedback is more effective 
when it identifi es particular aspects of students ’  performance they 
need to improve rather than providing a generic evaluation of 
performance, such as a grade or abstract praise or discouragement 
(Black  &  William,  1998 ; Cardelle  &  Corno,  1981 ). As illustrated 
by the example of the student who received a  “ C ”  with no 
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comments on his homework, giving only a letter grade or numeri-
cal score tends not to be effective feedback. Although grades and 
scores provide some information on the  degree to which  students ’  
performance has met the criteria, they do not explain  which aspects  
did or did not meet the criteria and  how.  Moreover, feedback that 
is specifi c to the processes students are engaging in (for example, 
helping students to properly approach a problem or to detect 
their own errors; see Chapter  Seven ) has been associated with 
deeper learning (Balzer et al.,  1989 ). In one study, students 
were learning to solve geometry problems on the computer, with 
feedback automatically provided whenever the computer detected 
an error in students ’  solutions. One group of students received 
generic messages indicating that they had made an error, 
and another group received specifi c information about their 
errors and how to remediate them. The group with the more 
targeted feedback signifi cantly outperformed the generic feed-
back group on a post - test assessing problem - solving skills 
(McKendree,  1990 ). 

 At the other extreme, simply giving students lots of feedback 
about their performance is also not necessarily an example of 
effective feedback. This is because too much feedback tends to 
overwhelm students and fails to communicate which aspects of 
their performance deviate most from the goal and where they 
should focus their future efforts. For example, research has shown 
that too many comments in the form of margin notes on student 
writing are often counterproductive because students are either 
overwhelmed by the number of items to consider or because they 
focus their revision on a subset of the comments that involve 
detailed, easy - to - fi x elements rather than more important concep-
tual or structure changes (Lamburg,  1980 ; Shuman,  1979 ). 

 Remember Professor Cox ’ s lament of spending so much time 
making comments on his students ’  papers but seeing no improve-
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ment in later assignments? Providing too much information in 
his comments may have been part of the reason. In his case, giving 
fewer comments that addressed one or two top - priority issues 
probably would have provided his students with more targeted 
feedback. However, it is important to note that even if Professor 
Cox had given this kind of targeted feedback, it might not have 
been fully effective unless his students also had an opportunity to 
use the feedback in a rewrite or related assignment. The key idea 
here is that  targeted  feedback gives students prioritized informa-
tion about how their performance does or does not meet the 
criteria so they can understand how to improve their future 
performance. 

 Indeed, the full benefi ts of feedback can only be realized 
when the feedback adequately directs students ’  subsequent prac-
tice  and  when students have the capacity to incorporate that feed-
back into further practice. Recall that in Professor Cox ’ s course, 
students had only one opportunity to practice writing in each of 
the three genres he assigned. Although he may have conceived of 
this as repeated practice at the general skill of writing, these three 
assignments probably required rather different subsets of skills 
(see Chapter  Four ). So, even if Professor Cox had provided tar-
geted feedback on the fi rst assignment, students might not have 
benefi ted much from it unless they had an opportunity to carry 
it into the next assignment. 

 How could Professor Cox use feedback in a way that ties in 
with students ’  opportunities for further practice? One option is 
that he could have included more repetition of assignments within 
the same genre and then asked students to incorporate his feed-
back into subsequent assignments. Alternatively, he could have 
asked students to submit a rough draft of each assignment, made 
targeted comments on those drafts, and then explicitly articulated 
that the fi nal draft ’ s goal was to address his comments in the 
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revision. This scenario highlights the interaction between feed-
back and practice. Indeed, one can conceive of the practice that 
follows targeted feedback as a particularly tailored form of goal -
 directed practice.  

  Timing Feedback Appropriately 
 Whereas the research just discussed involves the content of feed-
back, it is also important to consider the appropriate timing of 
feedback. This involves both  how soon  feedback is given (typically, 
earlier is better) as well as  how often  (typically, more frequently is 
better). The ideal timing of feedback, however, cannot be deter-
mined by any general rule. Rather, it is best decided in terms of 
what would best support the goals you have set for students ’  
learning. For example, going back to our GPS analogy, it is clear 
that one of the key features of these devices is that they give feed-
back  when the driver needs it  to support the goal of reaching a par-
ticular destination as quickly as possible. 

 Generally, more frequent feedback leads to more effi cient 
learning because it helps students stay on track and address 
their errors before they become entrenched. Ample research 
supports this conclusion (see Hattie  &  Timperley,  2007 , for a 
review). However, given practical constraints, this is often diffi -
cult. Fortunately, research shows that even minimal feedback on 
students ’  writing can lead to better second drafts because the 
feedback gives students a better sense of what their readers do and 
do not understand (Traxler  &  Gernsbacher,  1992 ). This result 
highlights that giving even a modest amount of feedback, espe-
cially when it is given early, can be helpful. This result also 
suggests that if Professor Strait had established milestones early 
in her students ’  project work, it could have enabled her to offer 
feedback earlier on in the process, before her students went off 
track. 
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 This research does not mean, however, that greater frequency 
of feedback is always better. Again,  timeliness  of the feedback is a 
signifi cant factor. For example, consider a study in which college 
students were learning to write mathematical functions in a 
spreadsheet application (Mathan  &  Koedinger,  2005 ). The par-
ticular goal for students ’  learning in this situation was not only 
that they be able to write these functions accurately but also that 
they be able to recognize and fi x their own errors. Students who 
received feedback immediately after they made a mistake scored 
lower on fi nal assessments compared to students who received 
 “ delayed ”  feedback. Although surprising at fi rst, this result makes 
sense when one realizes that the immediate feedback group was 
missing the opportunity to practice recognizing and repairing 
their own errors. In contrast, the students receiving delayed feed-
back had a chance to fi x their own errors so they had more practice 
at the corresponding skills. That is, when the delayed feedback 
group made errors, feedback was given only when they (a) showed 
suffi cient signs of not having recognized their error or (b) made 
multiple failed attempts at fi xing their error. In this way, one 
could argue that even though it was not immediate, their feedback 
was given in a more timely manner relative to the learning goals 
at hand.  

  Implications of This Research 
 There are three key implications of this research on what makes 
feedback more effective. The feedback must (1) focus students on 
the key knowledge and skills you want them to learn, (2) be pro-
vided at a time and frequency when students will be most likely 
to use it, and (3) be linked to additional practice opportunities for 
students. As we saw in some of the sections above, each of these 
aspects of feedback must align with the goals you have set for 
students ’  learning. It is best to fi nd a type and frequency of 



How Learning Works

144

feedback that allows students to reap the benefi ts of feedback 
while staying actively engaged in monitoring their own learning —
 in other words, feedback that does not undermine students ’  prog-
ress in becoming independent, self - regulated learners. Giving too 
little detail in feedback can leave students unclear on what they 
need to do to improve, whereas giving too much detail can over-
whelm them or mislead them as to what aspects are higher prior-
ity. Similarly, giving feedback too infrequently can leave students 
fl oundering without enough information to direct their learning, 
whereas giving feedback too frequently can potentially irritate 
students or lead them to depend on the feedback rather than on 
themselves. 

 In addition to balancing the amount and timing of feedback 
to make it most effective, it is often necessary to pay attention to 
the practical aspects of giving feedback. For example, the instruc-
tor ’ s time in composing or tailoring feedback and the students ’  
time in processing and responding to feedback is a key consider-
ation in guiding how and when to give feedback. We must always 
consider both the pedagogical and practical consequences of feed-
back. Also, all feedback need not be tailored to individual stu-
dents, and it need not all come from the instructor. We discuss a 
variety of strategies for feedback that are effective and feasible, 
including peer response, group feedback, and more.   

  WHAT STRATEGIES DOES THE 
RESEARCH SUGGEST? 

 Here we present strategies that can help you provide students 
with (1) goal - directed practice and (2) targeted feedback. In 
both cases,  the  focus is  on how to do so in  effective  and effi  -
cient ways. 
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  Strategies Addressing the Need for 
Goal - Directed Practice 

  Conduct a Prior Knowledge Assessment to Target an 
Appropriate Challenge Level     Students come into our classes 
with a broad range of pre - existing knowledge, skills, and com-
petencies. Giving a prior knowledge assessment (such as a survey, 
pretest, or early ungraded assignment) can help you gauge stu-
dents ’  strengths and weaknesses in order to better target their 
practice at the right level (based on where they are, not where 
you wish they were). A performance assessment (for example, 
actual problems to solve or terms to defi ne) will provide the 
best indication of what students actually know or can do, while 
a survey asking them about the level of their knowledge (for 
example, can they defi ne or apply, do they know when to use) 
will give you a sense of what students  believe  they know or can 
do. (See Chapter  One  for additional, related strategies and 
Appendix  A  for more information on incorporating student 
self - assessments.)  

  Be More Explicit About Your Goals in Your Course Materials     
Without specifi c goals for the course as a whole or for individual 
assignments, students often rely on their assumptions to decide 
how they should spend their time. This makes it all the more 
important to articulate your goals clearly (in your course syllabus 
and with each specifi c assignment), so students know what 
your expectations are and can use them to guide their practice. 
Students are more likely to use the goals to guide their practice 
when the goals are stated in terms of what students should 
be able to  do  at the end of an assignment or the course. (See 
Appendix  D  for more information on articulating learning 
goals.)  
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  Use a Rubric to Specify and Communicate Performance 
Criteria     When students do not know what the performance 
criteria are, it is diffi cult for them to practice appropriately and to 
monitor their progress and understanding. A common approach 
to communicating performance criteria is through a  rubric  — a 
scoring tool that explicitly represents the performance expecta-
tions for a given assignment. A rubric divides the assigned work 
into component parts and provides clear descriptions of the char-
acteristics of high - , medium - , and low - quality work associated 
with each component. (See Appendix  C  for more information on 
rubrics.)  

  Build in Multiple Opportunities for Practice     Because learn-
ing accumulates gradually with practice, multiple assignments of 
shorter length or smaller scope tend to result in more learning 
than a single assignment of great length or large scope. With the 
former, students get more opportunity to practice skills and can 
refi ne their approach from assignment to assignment based on 
feedback they receive. For example, this strategy can free you to 
think beyond the traditional term paper and be more creative in 
the variety and number of shorter writing assignments you require 
(for example, a letter, program notes, or a short policy memo). 
Bear in mind, however, that a single opportunity to practice a 
given kind of assignment is likely to be insuffi cient for students 
to develop the relevant set of skills, let alone to be able to incor-
porate your feedback on subsequent, related assignments.  

  Build Scaffolding into Assignments     In order to adjust a task 
so that it continues to target an appropriate level of challenge for 
students, provide scaffolding. Scaffolding refers to the process by 
which instructors give students instructional supports early in 
their learning, and then gradually remove these supports as stu-
dents develop greater mastery and sophistication. One way to 
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apply scaffolding to a more complex assignment is to ask students 
to fi rst practice working on discrete phases of the task and, later, 
ask students to practice integrating them. (See Chapter  Four .)  

  Set Expectations About Practice     Students can underestimate 
the amount of time an assignment requires. As a result, it is vital 
to provide students with guidelines for the amount, type, and level 
of practice required to master the knowledge or skills at the level 
you expect. There are at least two ways to help you estimate the 
time students will need. Some faculty members collect data by 
asking students, over a number of semesters, how long an assign-
ment took to complete. They can then report to their current 
students the average and range of time spent by past students. 
Other faculty members adhere to a general rule of thumb that it 
takes students approximately three to four times as long as it 
would take them to complete an assignment. This ratio may vary 
from situation to situation, however, so it is worthwhile to try 
multiple strategies for this estimation and to adjust based on 
one ’ s experience, as necessary.  

  Give Examples or Models of Target Performance     Building 
on the previous strategy, it can also be helpful to  show  students 
examples of what the target performance looks like (such as a 
model design, an effective paper, or a robust solution to a problem). 
Sharing samples of past student work can help students see how 
your performance criteria can be put into practice in an actual 
assignment. Such examples are even more powerful when you 
either highlight or annotate for students particular features of the 
sample assignment that  “ work. ”   

  Show Students What You Do  Not  Want     In addition to sharing 
exemplary models of target performance, it can be helpful to con-
trast those with examples of what you do  not  want, by illustrating 
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common misinterpretations students have shown in the past or 
by explaining why some pieces of work do not meet your assign-
ment goals. For example, in the case of writing or giving presenta-
tions, it is often helpful to share samples that are annotated to 
highlight weak features. Such samples can also be used to give 
students practice at distinguishing between high -  and low - quality 
work. To get students more actively involved and check their 
understanding, you can ask students to grade a sample assign-
ment by following a rubric (see Appendix  C ).  

  Refi ne Your Goals and Performance Criteria as the Course 
Progresses     As students move through a course practicing 
various skills, you may need to add new challenges, refi ne your 
goals to meet students ’  continually changing profi ciency, or both. 
For example, once students have acquired competency with a skill, 
you may want them to be able to apply that skill more quickly, 
with less effort, or in more diverse contexts. You need to continu-
ally articulate the increasingly sophisticated goals you want stu-
dents to work toward.   

  Strategies Addressing the Need for 
Targeted Feedback 

  Look for Patterns of Errors in Student Work     Within a class, 
students can often share common errors or misconceptions that 
only are revealed when you make a concerted effort to look for 
patterns. For example, you might identify an exam question that 
many students missed or a homework assignment that was par-
ticularly diffi cult for many students. You may also notice that 
during your offi ce hours multiple students are asking the same 
type of question or are making the same kind of mistake. If you 
are grading student work, you have access to this information and 
can seek out the patterns of errors. If you have TAs grading, ask 
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them to summarize any major patterns of errors or misconcep-
tions and report these to you. Once you have identifi ed common 
patterns across students, you can provide feedback to the class as 
a whole using the following strategies.  

  Prioritize Your Feedback     The question of exactly what infor-
mation feedback should include is dependent on many aspects of 
the course context: your learning objectives (for the course and 
the particular assignment), level of students, what they most need 
to improve, and the time you have available. So the key to being 
effi cient while still providing effective feedback is to think care-
fully about what information will be most useful to students at a 
particular point in time and to prioritize that information in 
your feedback. In many cases, it is not necessary or even best to 
give feedback on all aspects of students ’  performance but rather 
focus your feedback on key aspects of the assignment. One way 
to do this is to offer feedback on a single dimension at a time (for 
example, one aspect of presenting an argument, one piece of the 
design process, or one step in problem solving). This strategy 
avoids overwhelming students with too much feedback and 
enables them to engage in targeted practice — that is, with a specifi c 
goal in mind.  

  Balance Strengths and Weaknesses in Your Feedback     
Students are often unaware of the progress they are making, so 
communicating to them the areas where they are doing well or 
have improved is just as important as communicating to them the 
areas where they lack understanding or need further improve-
ment. The positive feedback indicates which aspects of their 
knowledge and performance should be maintained and built 
upon, whereas the negative feedback indicates what aspects should 
be adjusted (and, ideally, how). Moreover, beginning with targeted 
feedback that is positive can increase students ’  sense of effi cacy 
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and hence enhance their motivation. How you balance positive 
versus negative feedback for a given class or for a particular 
student should depend on your priorities and their needs.  

  Design Frequent Opportunities to Give Feedback     The pre-
requisite to giving frequent feedback is to provide multiple oppor-
tunities for students to practice using their knowledge and skills. 
More tasks of shorter length or smaller scope provide the fre-
quency of feedback that allows students to refi ne their under-
standing. This also makes a more manageable workload for you 
and your students. As indicated in other strategies in this section, 
not all feedback needs to be focused on individual students or 
come from the instructor. These strategies reduce the load on 
instructors in giving frequent feedback.  

  Provide Feedback at the Group Level     Not all feedback has to 
be individual to be valuable. Although you might want to write 
notes on individual assignments (which takes more time and 
hence decreases how quickly you can get feedback to students), 
you might at times identify the most common errors that stu-
dents committed, provide the group with this list, and discuss 
those errors. In a similar vein, you can show the group two exam-
ples of high - quality performance and discuss the features that 
make this work  “ A ”  level.  

  Provide Real - Time Feedback at the Group Level     In a class-
room situation, especially large lectures, instructors often assume 
that it is impossible to give effective feedback. However, by posing 
questions to the class in a format that allows easy collection of 
their responses, instructors can overcome this challenge. You can 
collect students ’  responses quickly in a paper - based way (with 
color - coded index cards) or with interactive technology (often 
called personal response systems, or  “ clickers ” ). In either case, the 
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instructor poses a question and students respond (either by raising 
the index card corresponding to their answer or by submitting 
their answer choices via clicker). The instructor can then easily 
glean the proportion of correct/incorrect answers (either by scan-
ning the room for the different colors of index cards or viewing 
the computer screen that tallies the clicker responses). Based on 
this information, the instructor can decide how to give appropri-
ate feedback to the class as a whole. For example, the instructor 
may simply indicate that there was a high proportion of incorrect 
answers and ask students to discuss the question in small groups 
before polling them again. Alternatively, the instructor might rec-
ognize a common misconception in students ’  responses and 
provide further explanation or examples, depending on the nature 
of the misconception.  

  Incorporate Peer Feedback     Not all feedback has to come from 
you to be valuable. With explicit guidelines, criteria, or a rubric, 
students can provide constructive feedback on each other ’ s work. 
This can also help students become better at identifying the quali-
ties of good work and diagnosing their own problems. Besides the 
advantages to students, peer feedback allows you to increase the 
frequency of feedback without increasing your load. Keep in mind, 
however, that for peer feedback to be effective, you need to clearly 
explain what it is, the rationale behind it, how students should 
engage in it, and — as this chapter attests — give students adequate 
practice with feedback on it for it to reach its potential. (For more 
information, see Appendix  H .)  

  Require Students to Specify How They Used Feedback in 
Subsequent Work     Feedback is most valuable when students 
have the opportunity to refl ect on it so they can effectively incor-
porate it into future practice, performance, or both. Because 
students often do not see the connection between or among 
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assignments, projects, exams, and so on, asking students to explic-
itly note how a piece of feedback impacted their practice or per-
formance helps them see and experience the  “ complete ”  learning 
cycle. For example, some instructors who assign multiple drafts 
of papers require students to submit with each subsequent draft 
their commented - on prior draft with a paragraph describing 
how they incorporated the feedback. An analogous approach 
could be applied to a project assignment that included multiple 
milestones.    

  SUMMARY 

 In this chapter, we have tried to move beyond simple maxims such 
as  “ practice makes perfect ”  or  “ the more feedback, the better ”  in 
order to hone in on the critical features that make practice and 
feedback most effective. Key features of effective practice include 
(a) focusing on a specifi c goal or criterion for performance, (b) 
targeting an appropriate level of challenge relative to students ’  
current performance, and (c) being of suffi cient quantity and fre-
quency so students ’  skills and knowledge have time to develop. 
Key features of effective feedback are that it (a) communicates to 
students where they are relative to the stated goals and what they 
need to do to improve and (b) provides this information to stu-
dents when they can make the most use of it. Together, then, 
practice and feedback can work together such that students are 
continuing to work toward a focused goal and incorporating feed-
back received in a way that promotes further development toward 
the goal. When practice and feedback are carefully designed with 
all these features in mind, we can prioritize them appropriately 
and help make the learning - teaching process not only more effec-
tive but also more effi cient.    
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  C H A P T E R  6 

  Why Do Student 
Development and 
Course Climate Matter 
for Student Learning?              
     End of Story 
 Yesterday in my Economics class, we were discussing an article 
about the cost of illegal immigration to the U.S. economy. 
The discussion was moving along at a brisk pace when one 
student, Gloria, began to intervene quite forcefully, saying the 
reading was biased and didn ’ t represent the situation 
accurately. Another student, Danielle, responded:  “ Gloria, 
why do you always have to bring up race? Why can ’ t we just 
discuss the fi gures in the articles without getting so 
defensive? ”  A third student, Kayla, who has been pretty quiet 
up to this point in the semester, said that, as far as she was 
concerned, illegal immigrants should be arrested and 
deported,  “ end of story. ”  Her grandparents were Polish 
immigrants, she continued, and had come to the U.S. legally, 
worked hard, and made good lives for themselves,  “ but now 
this country is getting sucked dry by Mexican illegals who have 
no right to be here, and it ’ s just plain wrong. ”  At that point, 
the rest of the class got really quiet and I could see my three 
Hispanic students exchange furious, disbelieving looks. 
Annoyed, Gloria shot back:  “ Those  ‘ illegals ’  you ’ re talking 
about include some people very close to me, and you don ’ t 
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know anything about them. ”  The whole thing erupted in an 
angry back - and - forth, with Gloria calling Kayla entitled and 
racist and Kayla looking close to tears. I tried to regain 
control of the class by asking Gloria to try to depersonalize 
the discussion and focus on the central economic issues, but 
when we returned to the discussion I couldn ’ t get anyone to 
talk. Kayla and Gloria sat silently with their arms folded, 
looking down, and the rest of the class just looked 
uncomfortable. I know I didn ’ t handle this situation well, but 
I really wish my students were mature enough to talk about 
these issues without getting so emotional. 

  Professor Leandro Battaglia   

  No Good Deed Goes Unpunished 
 There ’ s been a lot of discussion in my department about how 
to get more female students into Electrical Engineering. This is 
something I believe is very important, so I ’ ve gone out of my 
way to support and encourage the women in my classes. I 
know engineering can be an intimidating environment for 
women, so I always try to provide extra help and guidance to 
female students when they ’ re working on problem sets in 
small groups. I ’ ve also avoided calling on women in class, 
because I don ’ t want to put them on the spot. So you can 
imagine my frustration when a student reported to me a few 
weeks ago that one of my teaching assistants had made a 
blatantly derogatory comment during recitation about women 
in engineering. I ’ ve had a lot of problems with this TA, who 
has very strong opinions and a tendency to belittle people he 
doesn ’ t agree with, but I was particularly unhappy about this 
latest news. I chastised the TA, of course, and gave him a 
stern warning about future misconduct, but unfortunately the 
damage was already done: one female student in that 
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  WHAT IS GOING ON IN THESE TWO STORIES? 

 In both of the stories described above, unanticipated social and 
emotional dynamics in the classroom have complicated the learn-
ing experience. Although Professor Battaglia has assigned a 
reading that touches on a controversial topic, he expects his stu-
dents to be able to discuss the material in terms of economic 
principles rather than personal experience and ethnic identity, 
which in his mind are mutually exclusive. What begins with an 
intellectual discussion of the reading quickly devolves into a 
highly charged emotional exchange about racial issues — in his 
mind, only marginally related to the course content — culminating 
in hurt feelings, discomfort, disengagement, and ultimately a 
complete collapse of the discussion. Professor Battaglia fi nds 
himself unable to rein in the chaos. The fracas that arises 
leaves him feeling helpless and wondering why students are unable 
to check their emotions at the door. 

 Professor Guttman ’ s situation, however, is completely unre-
lated to his course content. Here we see a well - meaning instructor, 

recitation (who seemed particularly promising) has dropped 
the course and others have stopped speaking up in class. I 
braced myself for complaints on the early course evaluations I 
collected last week, and some students did complain about 
the sexist TA, but what really baffl ed me was that they 
complained about me too! One student wrote that I 
 “ patronized ”  female students while another wrote that the 
class was  “ unfair to us guys ”  since I  “ demanded more from 
the men in the course. ”  I have no idea what to make of this 
and am beginning to think there ’ s simply no way to keep 
everyone happy. 

 Professor Felix Guttman   
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doing his best to reach out to women, whom he worries (with 
some reason) may be marginalized in a male - dominated fi eld. He 
is justifi ably upset by the blatantly sexist behavior of his TA and 
addresses it immediately, yet he is unaware of how his students 
are perceiving his own behavior. In fact, his attempts to support 
female students by providing extra help and reduced pressure 
backfi res: to the women in the class, it signals a lack of faith in 
their competence and abilities, while the men perceive it as just 
plain unfair to them. As a result, students seem dissatisfi ed and 
disaffected, to the point where classroom participation is nega-
tively affected and one promising student has dropped the course 
altogether.  

  WHAT PRINCIPLE OF LEARNING IS 
AT WORK HERE? 

 Two interacting concepts are at the core of the two stories. The 
fi rst is that of holistic student development, and the second is of 
classroom climate. As educators we are primarily concerned with 
fostering intellectual and creative skills in our students, but we 
must recognize that students are not only intellectual but also 
social and emotional beings, and that these dimensions interact 
within the classroom climate to infl uence learning and perfor-
mance. Figure  6.1  summarizes this model. In both stories, emo-
tions and social processes hamper the students ’  ability to engage 
productively with the material and to learn.   

 Students are still developing the full range of social and 
emotional skills. To some extent, people are always developing in 
those areas, but two considerations are important when dealing 
with college students. First, emotional and social processes are 
particularly salient during this phase of life. In fact, a preponder-
ant body of research documents that the social and emotional 
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gains that students make during college are considerably greater 
than the intellectual gains over the same span of time (Pascarella 
 &  Terenzini,  1991 ). Second, these emotions can overwhelm stu-
dents ’  intellect if they have not yet learned to channel them 
productively. 

 Although we cannot control the developmental process, the 
good news is that if we understand it, we can shape the classroom 
climate in developmentally appropriate ways. Moreover, many 
studies have shown that the climate we create has implications for 
learning and performance. A negative climate may impede learn-
ing and performance, but a positive climate can energize students ’  
learning (Pascarella  &  Terenzini,  1991 ).     

     Figure 6.1.     Interactive Effect of Student Development and Course 
Climate on Learning  

Student
Development Climate

Learning
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 As shown in Figure  6.1 , student development and classroom 
climate interact with each other to affect learning. However, for 
expository purposes we review the research on student develop-
ment and classroom climate separately. The two strands come 
together in the strategies section, where we provide pedagogical 
strategies that take both student development and classroom 
climate into account.    

  WHAT DOES THE RESEARCH TELL US ABOUT 
STUDENT DEVELOPMENT? 

 Just as the holistic movement in medicine calls for doctors to treat 
patients, not symptoms, student - centered teaching requires us to 
teach students, not content. Thus, it is important to recognize the 
complex set of social, emotional, and intellectual challenges that 
college students face. Recognition of these challenges does not 
mean that we are responsible for guiding students through all 
aspects of their social and emotional lives (for instance, we need 
not and should not be in the business of coaching students in 
fi nancial planning or matters of the heart). However, by consider-
ing the implications of student development for teaching and 
learning we can create more productive learning environments. 

 Students between the ages of seventeen and twenty - two are 
undergoing momentous changes. As they make the transition 
from high school and learn to manage the intellectual demands 
of college, they must also learn to live independently from their 
parents; establish new social networks; negotiate differences with 

  Principle:  Students ’  current level of development interacts with 
the social, emotional, and intellectual climate of the course to 

impact learning. 
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room -  and fl oormates; manage their fi nances; make responsible 
decisions about alcohol, drugs, sexuality; and so on. In their 
courses, but also in their social interactions, they must grapple 
with ideas and experiences that challenge their existing values and 
assumptions. They must chart a meaningful course of study, 
choose a major, and start to view themselves as members of a 
disciplinary fi eld. As they get ready for graduation, they must 
decide on jobs or graduate programs and face the exciting, but 
daunting, prospect of being an adult in the  “ real world. ”  In other 
words, in addition to the intellectual challenges students are 
facing in college, they are also grappling with a number of complex 
social, emotional, and practical issues. 

 How can we make sense of all the ways in which students 
develop? Most developmental models share a basic conceptual 
framework, so we can start there. Typically, development is 
described as a response to intellectual, social, or emotional chal-
lenges that catalyze students ’  growth. It should be understood, 
though, that developmental models depict student development 
in the aggregate (that is, in broad brushstrokes) and do not neces-
sarily describe the development of individual students. In fact, 
individual students do not necessarily develop at exactly the same 
pace. Furthermore, movement is not always in a forward direc-
tion. That is, under some circumstances, a student might regress 
or foreclose further development altogether. In addition, a student 
can be highly developed in one area (say, intellectual maturity) 
and less developed in another area (say, emotional maturity). 
Finally, it should be noted that although some models have been 
revised in light of changing student demographics, most currently 
focus on traditional - age, rather than older or returning, students 
and refl ect a Western perspective. 

 Our approach here is not a complete review of the student 
development literature (for a broader treatment of student devel-
opment models, see Evans et al.,  1998 ). Rather, we start with the 
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Chickering model — a comprehensive model that systematically 
examines the range of issues students are dealing with in their 
college years. We then highlight two aspects of student develop-
ment that we believe have particularly profound implications for 
the classroom. These are intellectual development and social iden-
tity development. 

  The Chickering Model of Student Development 
 Chickering  (1969)  provides a model that tries to systematically 
account for all the developmental changes students experience 
through the college years. He groups them in seven dimensions, 
which he calls vectors. They build on each other cumulatively: 

   •      Developing competence.     This dimension involves intellectual, 
physical, and interpersonal competence. Intellectual compe-
tence includes everything from developing study skills appro-
priate for college to developing sophisticated critical thinking 
and problem - solving abilities. Physical competence involves 
athletic activities, but also the realization on the part of stu-
dents that they (and not their parents) are now responsible for 
their health and well - being. Interpersonal competence includes 
communication, group, and leadership skills. These three com-
petences together give the individual a general sense of confi -
dence that she can successfully deal with challenges that come 
her way. As Professor Guttman avoids calling on women in 
class, he might inadvertently hinder the development of their 
sense of intellectual and interpersonal competence, because 
this act highlights an assumption that women would not be 
able to perform as well on the spot.  

   •      Managing emotions.     This dimension involves being aware of 
one ’ s own emotions (including anxiety, happiness, anger, frus-
tration, excitement, depression, and so on) as well as expressing 
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them appropriately. The students in the Economics class are 
clearly in touch with their own emotions, but have trouble 
expressing them in a productive way in the discussion, with the 
result that the discussion does not explore the content fully 
and everybody ’ s learning is diminished.  

   •      Developing autonomy.     This dimension involves disengaging 
from one ’ s parents, relying more on peers, and fi nally develop-
ing personal autonomy. This process happens through the 
development of emotional independence (freeing oneself from 
the need for parental approval) and of instrumental indepen-
dence (ability to deal with challenges on one ’ s own terms). 
Research on Millennials (those students born in 1982 and after) 
suggests current students might struggle more with this dimen-
sion (Howe  &  Strauss,  2000 ). Later on, the challenge becomes 
how to reincorporate interconnectedness with others so that 
interdependence is the fi nal goal (Chickering  &  Reisser,  1993 ). 
Again, as Professor Guttman provides extra help to women in 
small groups he might inadvertently interfere with the develop-
ment of their sense of autonomy, which can impact their 
performance.  

   •      Establishing identity.     This is the pivotal dimension in Chickering ’ s 
theory. It builds on the preceding vectors and serves as the 
foundation for the ones that follow. It culminates in the devel-
opment of a sense of self. It involves comfort with one ’ s own 
body and appearance, gender and sexual orientation, and racial 
and ethnic heritage. Students with a well - developed sense of 
self feel less threatened by new ideas involving beliefs that con-
fl ict with their own. In the economics class, some students 
appear to be working through such challenges, but they are 
clearly not mature enough yet to consider alternative points of 
view without their whole sense of identity feeling threatened.  

   •      Freeing interpersonal relationships.     This dimension involves 
achieving mature interpersonal relationships. It necessitates an 
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awareness of differences among people and a tolerance of those 
differences. The development of meaningful intimacy in the 
context of a romantic relationship is also part of this vector.  

   •      Developing purpose.     Once identity is achieved, the question is no 
longer  “ Who am I? ”  but  “ Who am I going to be? ”  This dimension 
involves nurturing specifi c interests and committing to a profes-
sion, or a lifestyle, even when it meets with opposition from 
others (such as parents). The TA ’ s sexist comment might be chal-
lenging the women ’ s sense that they belong in engineering. The 
woman who dropped the course and the other women who 
stopped speaking up in class are examples of the implications of 
this dimension for learning and performance. Indeed, many 
women in traditionally male - dominated fi elds report being told 
in college or graduate school that they would never succeed in 
science because of their gender (Ambrose et al.,  1997 ; Hall,  1982 ).  

   •      Developing integrity.     This dimension speaks to the tension 
between self - interest and social responsibility. When navigated 
successfully, it culminates with the adoption of a set of inter-
nally consistent values that guide and direct behavior. We can 
understand Gloria ’ s outburst as her trying to gain integrity and 
speak her own truth.    

 As we can see, these developmental vectors involve a number 
of social and emotional as well as intellectual processes. How 
students negotiate these processes shapes how they will grow per-
sonally and interact with one other, the instructor, and the content 
of their courses. It will also infl uence their level of engagement, 
motivation, and persistence, as well as their sense of agency and 
identity in their chosen fi eld. Developmental processes, in other 
words, have profound implications for learning. 

 Even though Chickering ’ s model looks at development very 
broadly, in a classroom situation we cannot control all those 
dimensions. Each of the models below focuses on an aspect of 
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particular relevance to the classroom. They describe development 
as a stage - like process, whereby individuals undergo a series of 
qualitative shifts in how they think and feel about themselves, 
others, and their social environment.  

  Intellectual Development 
 Intellectual development in the college years has been studied 
since the 1950s. Although the formulation presented here is that 
of Perry  (1968) , it is extended in the work of later researchers who 
have found very similar developmental trajectories (Belenky et al., 
 1986 ; Baxter - Magolda,  1992 ). Even though these models contain 
different numbers of stages, all of them describe a student ’ s trajec-
tory from simplistic to more sophisticated ways of thinking. A 
student ’ s movement forward is usually propelled by a challenge 
that reveals the inadequacies of the current stage. 

 In the earlier stages, students ’  reasoning is characterized by 
a basic  duality  in which knowledge can easily be divided into right 
and wrong statements, with little to no room for ambiguity and 
shades of gray. Kayla ’ s exclamation —  “ It ’ s just plain wrong! ”  —
 exemplifi es this way of thinking. Students at this stage of intel-
lectual development believe that knowledge is something absolute, 
that it is handed down from authorities (the teacher, the text-
book), and that the role of students is to receive it and give it back 
when asked. This is a quantitative view of knowledge, with educa-
tion seen as a process of amassing piles of  “ right ”  facts. The 
implicit assumption is that all that is knowable is known, and 
great instructors have the answers to any question. Students in 
these stages do not recognize different perspectives and are not 
likely to see discussions as a legitimate way of gaining knowledge 
about an issue. 

 Challenged with a suffi cient number of questions to which 
we do not yet know the answers, or with issues for which there is 



How Learning Works

164

no clear right answer, students move forward to a stage of  multi-
plicity.  Knowledge now becomes a matter of opinions, and anybody 
can have an opinion on an issue. Students at a multiplistic stage 
view evaluation as very subjective and can become frustrated if 
their opinion does not score them a good grade. At this point they 
have diffi culty seeing how to differentiate among different opin-
ions, as they all seem valid. The instructor might no longer be seen 
as an authority but only as another perspective among all the pos-
sible ones. At fi rst it might be hard to see how this stage represents 
a move forward, but two important things have happened in this 
stage. First, students are now more open to differences of opin-
ions because they are no longer fi xated on the  “ right one. ”  This 
crucial transition is foundational for all further development in 
later stages. Second, learning can now become personal. They, too, 
are entitled to their own opinion and can legitimately dialogue 
and disagree with the instructor or the textbook, which means 
they can start to construct their own knowledge. Gloria ’ s claim 
that the readings are biased could not have come from a student 
in an earlier developmental stage. 

 With enough insistence that opinions need to be justifi ed 
with evidence, students progress to stages characterized by  relativ-
ism.  Students with this worldview realize that opinions are not all 
equal, and that indeed their pros and cons can be understood and 
evaluated according to general and discipline - specifi c rules of 
evidence. This transition marks a shift from a quantitative to a 
qualitative view of knowledge. Instructors become guides and 
facilitators, expected to provide good models of how to interact 
with the content in a critical way, which is how the role of the 
student is now understood. As students hone their analytic and 
critical skills, they fi nd the empowerment inherent in this stage, 
but they might also experience some frustration as they realize 
that all theories are necessarily imperfect or incomplete. 
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 Students who successfully navigate this challenge move to 
the last set of stages, which are characterized by a sense of  commit-
ment.  While it is true that all theories have pros and cons, learners 
realize they must provisionally commit to one as a foundation to 
build on, refi ning it as they go. In a sense, they have come full 
circle, as they now choose one theory or approach over the others, 
but unlike in the dualistic stage, their choice is now nuanced and 
informed. It is easy to see how this sense of commitment might 
apply to moral issues as well as cognitive ones. In fact, Kohlberg 
 (1976)  and Gilligan  (1977)  have formulated moral development 
theories that echo Perry ’ s, in which students move from strongly 
held but unexamined views about right and wrong to more 
nuanced, responsible ethical positions where actions are evaluated 
in context according to a variety of factors. One of the lessons 
from their work is that moral development cannot be divorced 
from learning. For example, both Kayla ’ s and Gloria ’ s positions 
on illegal immigration are indeed as much moral as they are 
intellectual. 

 Other developmental researchers have expanded Perry ’ s 
work to focus on gender differences in the various stages. For 
example, Baxter - Magolda  (1992)  has found that, in dualistic 
stages, men might prefer to engage in a game of displaying their 
knowledge in front of their peers whereas women might focus on 
helping each other master the material. In their study of women ’ s 
intellectual development, Belenky and others  (1986)  found two 
parallel ways of knowing. For some women, studying something 
means isolating the issue from its context and focusing on deep 
analysis of one feature — which the researchers term  separate  
knowing. For other women, studying something means asking 
questions such as  “ What does this mean for me? What are the 
implications for the community? ”  — which they term  connected  
knowing. Of course, both ways of knowing can be found among 
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men as well. Danielle, who is very comfortable limiting the discus-
sion to only the fi gures in the readings, is an example of separate 
knowing, whereas Gloria, who cannot divorce the readings from 
her fi rst - hand knowledge of illegal immigrants, is an example of 
connected knowing. 

 The research underlying these models clearly indicates that 
intellectual development takes time — it does not happen over-
night and cannot be forced. Given the kind of development 
involved in the later stages, it is perhaps not surprising that 
Baxter - Magolda ’ s research also shows many students leave college 
still in multiplistic stages, and that their development toward 
relativistic and committed stages continues well beyond college. 
This is good news if we consider that people who do not go to 
college tend to stay in dualistic stages, but it is also below the 
expectations that most instructors have for their students. 
Instructors, therefore, must make sure their expectations are rea-
sonable given students ’  current level of intellectual development: 
what is reasonable for a graduating senior may not be for a fi rst -
 year student, and vice versa. However, although development 
cannot be forced, it can be nurtured and encouraged by posing 
appropriate challenges and providing the support necessary to 
foster intellectual growth (Vygotsky,  1978 ). The strategies at the 
end of the chapter provide some suggestions in this direction.  

  Social Identity Development 
 Another developmental area that can affect learning is identity. 
The development of identity involves psychological changes that 
affect behaviors (such as social interactions), including those in 
the classroom. The basic premise of identity theory is that identity 
is not a given; instead, it needs to be achieved and continually 
negotiated as individuals try to balance developmental tensions 
and tasks throughout their lives (Erikson,  1950 ). For students, 
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much of the work of identity development happens as they begin 
to question values and assumptions inculcated by parents and 
society, and start to develop their own values and priorities 
(Marcia,  1966 ). 

 One aspect of student identity development that is particu-
larly salient for college students is that of social identity — the 
extent and nature of their identifi cation with certain social groups, 
especially those groups that are often targets of prejudice and 
discrimination. Social identity has been studied extensively in 
relation to race/ethnicity, for example, the development of black 
identity (Cross,  1995 ), Asian American identity (Kim,  1981 ), 
Chicano identity (Hayes - Bautista,  1974 ), and Jewish identity 
(Kandel,  1986 ). All these models describe similar trajectories, 
which culminate with the establishment of a positive social iden-
tity as a member of a specifi c group (Adams et al.,  1997 ). This 
general model also parallels the identity development process of 
members of other social groups, most notably gay and lesbian 
individuals (Cass,  1979 ) and individuals with disabilities (Onken 
 &  Slaten,  2000 ). Hardiman and Jackson  (1992)  have proposed a 
social identity development model that describes two develop-
mental paths, one for minority groups and one for dominant 
groups. This model pulls the thread together from all the other 
models, highlighting the similar stages members of minority 
groups go through, but underscores the fact that for any given 
stage, members of majority groups have to deal with complemen-
tary developmental challenges. In our description of social iden-
tity development, we will use the Hardiman - Jackson model as our 
base model, occasionally highlighting pertinent insights from 
other models. 

 The fi rst stage of the Hardiman - Jackson model corresponds 
to early childhood, where individuals start out in a  na ï ve  stage, 
devoid of any preconception or prejudice. They see differences in 
the people they observe, such as skin color, but they do not attach 
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value to those. It is only in a second stage that, through persistent 
and systematic societal reinforcement, conscious or unconscious 
 acceptance  of certain messages about different groups sets in — the 
socially constructed ideas about which groups are healthy, normal, 
beautiful, lazy, smart, sinful, and so on. For example, Kayla ’ s per-
ception that immigrants are  “ sucking this country dry ”  might 
come from this stage. Both dominant and minority groups at this 
second stage accept broader societal attitudes. For minority stu-
dents, this can have several results. They may have negative atti-
tudes about themselves — in other words, internalized racism, 
homophobia, sexism, and so on — and behave so as to conform to 
the dominant image. For example, gay students at this stage may 
use homophobic language and try to act  “ straight. ”  

 Many students stop here, unless their worldviews are chal-
lenged by more information, different perspectives, recognition of 
injustice, or meaningful work with people from different groups. 
If they are challenged, it can move them forward to a stage of 
 resistance.  In this stage, students are acutely aware of the ways in 
which  “ isms ”  affect their life and the world. In addition, members 
of dominant groups usually experience shame and guilt about the 
privilege resulting from their own membership in it. Conversely, 
members of minority groups tend to experience pride in their own 
identity, often valuing their group more than the socially domi-
nant one, which is sometimes seen as the source of societal evils. 
These students tend to go through a phase of  immersion  (Cross, 
 1995 ), in which they prefer to socialize with members of their own 
group and withdraw from other groups. Fries - Britt  (2000)  docu-
ments the struggles of high - ability black students who are torn 
between identifi cation with their academics and identifi cation 
with their racial group, which might view their academic excel-
lence as  “ acting white. ”  In her book  Why Are All the Black Kids Sitting 
Together in the Cafeteria?  Beverly Daniel Tatum  (1997)  lucidly ana-
lyzes such racial dynamics. Moreover, she points out that racial 
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minority students are usually aggressively questioning societal 
racism at the same developmental juncture when white students 
are feeling overwhelmed by the same accusations, a stage that 
Helms  (1993)  calls  disintegration.  The fi rst story portrays one such 
tension. Gloria is very conscious of the racial subtext underpin-
ning immigration debates, but Danielle sees it only as Gloria ’ s pet 
peeve. The discussion is effectively stalled by Gloria ’ s accusation 
of racism to Kayla. Analogous phenomena are true for other 
groups as well. For lesbian, gay, and bisexual students, a crucial 
step toward positive self - identity is coming out. D ’ Augelli  (1994)  
points out that adopting a lesbian, gay, or bisexual (LGB) identity 
necessitates abandoning an implied heterosexual identity, with 
the consequent loss of all its attendant privileges. Rankin  (2003)  
documents the feelings of lesbian, gay, bisexual, and transgen-
dered (LGBT) students who, in response to marginalization expe-
rienced in their courses on the basis of their sexual orientation, 
report spending all their free time at the LGBT center on campus 
as a way to experience a positive environment for themselves, even 
at the cost of not spending enough time studying and struggling 
in those courses. 

 If students successfully move through this stage, they arrive 
at more sophisticated stages, those of  redefi nition  and  internaliza-
tion.  In these stages, students redefi ne their sense of self, moving 
beyond the dominant – minority dichotomy. These identities 
become one part of their make - up but not the defi ning feature. 
They no longer experience guilt or anger, but they might commit 
to work for justice in their spheres of infl uence.  

  Implications of This Research 
 Even though some of us might wish to conceptualize our class-
rooms as culturally neutral or might choose to ignore the cultural 
dimensions, students cannot check their sociocultural identities 
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at the door, nor can they instantly transcend their current level of 
development. Professor Battaglia knows that immigration is a 
loaded topic, but he thought students could consider the eco-
nomic aspects alone. In fact, Gloria ’ s and Kayla ’ s identities as 
Hispanic and Polish - American, respectively, as well as their level 
of intellectual development and preferred ways of knowing, obvi-
ously infl uence their approach to the course topic, what aspects 
of the readings they focus on, how they make sense of the mate-
rial, and what stances they take as a result. Therefore, it is impor-
tant that the pedagogical strategies we employ in the classroom 
refl ect an understanding of social identity development so that we 
can anticipate the tensions that might occur in the classroom and 
be proactive about them. The strategies at the end of the chapter 
explicitly link pedagogy and developmental considerations.   

  WHAT DOES THE RESEARCH TELL US ABOUT 
COURSE CLIMATE? 

 Just as we need to consider student development holistically, we 
also need to consider the various facets of course climate that 
infl uence student learning. By course climate we mean the intel-
lectual, social, emotional, and physical environments in which our 
students learn. Climate is determined by a constellation of inter-
acting factors that include faculty - student interaction, the tone 
instructors set, instances of stereotyping or tokenism, the course 
demographics (for example, relative size of racial and other social 
groups enrolled in the course), student - student interaction, and 
the range of perspectives represented in the course content and 
materials. All of these factors can operate outside as well as inside 
the classroom. 

 A common but simplistic way of thinking about climate is 
in binary terms: climate is either good (inclusive, productive) or 
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bad (chilly, marginalizing). However, research suggests that it may 
be more accurate to think of climate as a continuum. In their 
study of the experiences of LGBT college students, DeSurra and 
Church  (1994)  asked those students to categorize the climate of 
their courses as either  marginalizing  or  centralizing,  depending on 
student perceptions of whether an LGBT perspective would be 
included and welcomed in the course or excluded and discour-
aged. In order to further categorize these perceptions, the stu-
dents indicated whether the messages were  explicit  (evidenced by 
planned and stated attempts to include or to marginalize) or 
 implicit  (for example, inferred from the consistent absence of an 
LGBT perspective). This classifi cation produced a continuum that 
we believe is useful for thinking about classroom climate in a 
broader sense than in relation to LGBT issues only. 

 At one end of the spectrum we fi nd  explicitly marginalizing  
climates. These are climates that are overtly hostile, discrimina-
tory, or unwelcoming. In the second story, the TA ’ s openly sexist 
comments and demeaning attitudes clearly demonstrate this kind 
of environment. Moving along the continuum, we fi nd  implicitly 
marginalizing  climates. These are climates that exclude certain 
groups of people, but in subtle and indirect ways. These off - put-
ting messages might even come from well - meaning instructors. 
For instance, Professor Guttman unintentionally created an 
implicitly marginalizing climate for women, even though he was 
trying to be welcoming and encouraging. In the story from the 
economics class, Danielle ’ s request that racial lenses not be used 
for economic analysis also contributed to an implicitly marginal-
izing climate, by sending the message that discussions concerning 
race were not welcome. 

 Moving toward the more inclusive end of the continuum, we 
fi nd  implicitly centralizing  climates. These climates are character-
ized by unplanned responses that validate alternative perspectives 
and experiences. Imagine, for instance, if after Danielle had asked 
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Gloria why she always has to bring up race, Professor Battaglia 
had stepped in to say,  “ Actually, Gloria might be on to something 
here, let ’ s stay with her comment and dig deeper, ”  and then went 
on to explore the applicability of Gloria ’ s perspective to economic 
analysis. This comment would have validated the risk Gloria took 
with her remark and layered the content with additional meaning, 
promoting learning for everybody. It is important to recognize, 
however, that at this level the burden of raising a marginalized 
perspective still remains on the student. As such, it is often the 
case that the student has to take a risk because he does not know 
how his contribution will be received. When he does, however, in 
an implicitly centralizing climate, the instructor builds on the 
student ’ s contribution in a productive and validating way. 

 At the most inclusive level of the continuum, we fi nd  explic-
itly centralizing  climates. In courses with explicitly centralizing cli-
mates, marginalized perspectives are not only validated when 
students spontaneously bring them up, but they are intentionally 
and overtly integrated in the content. The climate here is charac-
terized by obvious and planned attempts to include a variety of 
perspectives. Often, syllabi in these courses contain provisions 
(such as discussion ground rules and course policies) to foster 
sensitivity to the perspectives that students bring to the 
classroom. 

 It is important to remember that climate can be experienced 
differentially by different students: some students might feel 
unwelcome or discouraged whereas others might not. Also, stu-
dents can experience the same environment negatively but for 
different reasons, as in Professor Guttman ’ s course. Most of us 
would be likely to imagine that our courses fall on the inclusive 
end of the continuum. However, DeSurra and Church ’ s research 
showed that implicitly marginalizing climates were most common 
across college classrooms. 



Why Do Student Development and Course Climate Matter for Student Learning?  

173

 Although DeSurra and Church ’ s discussion focuses on mar-
ginalization based on sexual orientation, course climate has also 
been studied in relation to other characteristics. In particular, the 
earliest work on classroom climate, collectively known as the 
 “ chilly climate studies, ”  documents marginalization on the basis 
of gender (Hall,  1982 ; Hall  &  Sandler,  1984 ; and Sandler  &  Hall, 
 1986 ). These studies suggested that course climate does not have 
to be blatantly exclusive or hostile in order to have a marginalizing 
effect on students and that, although each instance of subtle 
marginalization may be manageable on its own, the sum total of 
accumulated  “ micro - inequities ”  can have a profound negative 
impact on learning (Hall,  1982 ). Similar claims have been made 
about course climate in relation to race and ethnicity (for example, 
Watson et al.,  2002 , and Hurtado et al.,  1999 ). These claims have 
been confi rmed in later studies. Pascarella and others  (1997)  
studied women in two - year colleges and concluded that percep-
tions of a negative climate had an inverse relationship with com-
posite measures of cognitive development that included reading 
comprehension, mathematics, and critical thinking. Their study 
also found that perceptions of a marginalizing climate had a nega-
tive relationship with self - reported academic preparation for a 
career. In a follow - up longitudinal study, Whitt and others  (1999)  
studied women students at twenty - three two -  and four - year insti-
tutions in sixteen states and followed them through their junior 
year. They found that perception of a chilly climate was negatively 
associated with self - reported gains in writing and thinking 
skills, understanding science, academic preparation for a career, 
and understanding arts and humanities. 

 Even after establishing that climate does indeed have an 
impact on learning, a question remains: How? That is, what mech-
anisms operate to translate perceptions of inclusion or marginal-
ization into gains or losses in learning or performance? This is a 
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complex question to answer, because many factors contribute to 
climate. For the purposes of this chapter, we focus on four basic 
areas of climate: stereotypes, tone, faculty - student and student -
 student interactions, and content. They are obviously interrelated, 
but we discuss them separately below, highlighting the mediating 
mechanisms by which they operate on student outcomes. 

  Stereotypes 
 Certain kinds of stereotypes are offensive and alienating and can 
produce a toxic classroom climate. What is less obvious is that the 
subtle activation of stereotypes can also infl uence learning and 
performance in profound ways, a phenomenon called  “ stereotype 
threat ”  (Steele  &  Aronson,  1995 ). Stereotype threat is a complex 
and nuanced phenomenon, but in simple terms it refers to the 
tension that arises in members of a stereotyped group when they 
fear being judged according to stereotypes. This sense of threat 
can negatively affect these individuals ’  performance on tasks 
(regardless of their ability), their level of preparation, their self -
 confi dence, or their own belief in the stereotype. In their seminal 
study, Steele and Aronson  (1995)  focused on one stereotype of 
African Americans — that they perform poorly on standardized 
tests. They gave two groups of African American students a stan-
dardized test, asking one group to indicate their race prior to 
taking the test. The researchers found that simply by calling atten-
tion to race, a negative stereotype was activated in the minds of 
the African American participants. The activation of the stereo-
type in turn signifi cantly depressed the performance of those 
African American students relative to other African American stu-
dents for whom the stereotype was not activated. Similar studies 
have used common stereotypes about certain groups (for example, 
women are bad at math, older people are forgetful) and have 
demonstrated parallel fi ndings. To date, we have results for 
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Hispanic (Gonzales, Blanton,  &  Williams,  2002 ) and Asian 
American students (Shih et al.,  1999 ), women (Inzlicht  &  Ben -
 Zeev,  2000 ), older people (Levy,  1996 ), and students of low socio-
economic status (Croizet  &  Claire,  1998 ). 

 The activation of a stereotype does not need to be inten-
tional, and in fact seemingly innocuous comments can trigger 
stereotype threat. Subtle triggers include instructor comments 
and examples that convey certain assumptions about students. 
Problematic assumptions include those about the abilities or 
other qualities of members of certain groups or the extent to 
which students share the instructor ’ s religion, upbringing, or 
socioeconomic status. Tokenism can be a trigger as well — instruc-
tors relying on minority students to represent the  “ minority point 
of view ”  rather than speaking for themselves. Professor Guttman 
is certainly conscious of the predicament of women in engineer-
ing, but the way he deals with it — refusing to call on women and 
insisting on giving them extra help — might trigger stereotype 
threat because it communicates problematic assumptions (that is, 
that women will be unprepared when he calls on them or that 
women need the extra help because of an ability defi ciency). 
Regardless of whether the stereotype is activated blatantly or 
subtly, the effects on performance are similar. 

 How can stereotypes infl uence performance in students who 
do not even believe the stereotype? Steele and Aronson investi-
gated two competing hypotheses. The fi rst one attributed poor 
performance to lowered self - esteem and effi cacy triggered by the 
stereotype. Measures of students ’  self - esteem failed to support 
this hypothesis. The second hypothesis, which their data con-
fi rmed, was that stereotypes have their impact by generating emo-
tions that disrupt cognitive processes. In fact, students reported 
focusing on their anger at the stereotype or the instructor instead 
of on the test, not being able to think clearly, checking every 
answer multiple times only to run out of time for later questions, 
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and so on (Steele  &  Aronson,  1995 ). In addition, as a coping 
mechanism to protect their self - concept against the self - fulfi lling 
prophecy of their low performance, students might disidentify 
from their chosen discipline, deciding that that discipline was not 
good for them in the fi rst place (Major et al.,  1998 ). Thus, stereo-
type threat operates through two related mediating mechanisms, 
one cognitive and one motivational. Stereotype threat is an 
intriguing and complex phenomenon, and there are many nuances 
highlighted by this line of research that cannot be adequately 
addressed here. However, the one point we have tried to highlight 
is that the way we frame the material and the task matters — and 
it has implications for learning and performance. Fortunately, 
research shows that, just as easily as stereotype threat can be acti-
vated, it can also be removed (see  “ Strategies ”  section).  

  Tone 
 Course climate is not just about race, gender, minority status 
group membership, or the stereotypes associated with them. 
Course climate is also about how the instructor communicates 
with students, the level of hospitableness that students perceive, 
and the more general range of inclusion and comfort that stu-
dents experience. For instance, Ishiyama and Hartlaub  (2002)  
studied how the tone an instructor sets affects climate by manipu-
lating course syllabi. They created two versions of the same syl-
labus, with policies identical in substance but one worded in a 
punitive tone, the other in an encouraging one. They discovered 
that the tone used infl uenced students ’  judgments about instruc-
tor approachability. In their study, students are less likely to seek 
help from the instructor who worded those policies in punitive 
language than from the instructor who worded the same policies 
in rewarding language. Rubin  (1985)  dubs those instructors 
 “ scolders ”  — those who word policies in boldface block letters and 
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promise harsh punishments rather than offering a pedagogical 
rationale for the policy. Even though the study of tone was focused 
on syllabi, it is reasonable to assume that its impact is more per-
vasive. Other facets of tone include the kind of language used in 
the classroom (encouraging or demotivating), especially in the 
way negative feedback is offered (constructive and focused on the 
task or demeaning and focused on the person). In fact, in their 
study of why undergraduates leave the sciences, Seymour and 
Hewitt  (1997)  found that sarcasm, denigration, and ridicule by 
faculty were some of the reasons reported by students. The 
belittling tone of the TA in the second story makes him unap-
proachable to many students. The impact of tone extends even 
to classroom incivilities, such as tardiness, inappropriate cell 
phone and laptop use in class, and rudeness. Boice  (1998)  studied 
student incivilities and linked them to the absence of positive 
motivators, both in the instructor ’ s speech and nonverbal 
signals. Thus we see that tone impacts learning and performance 
through motivational and socioemotional mechanisms (see 
Chapter  Three ).  

  Faculty - Student and Student - Student Interaction 
 Astin  (1993)  investigated the impact of personal and situational 
variables on several college outcomes; some of his fi ndings natu-
rally dealt with the relationship between climate and learning. In 
his study of more than 200,000 students and 25,000 faculty at 200 
institutions, he identifi ed several factors contributing to the 
college experience. The factor that relates to course climate the 
most is what he termed  “ Faculty Student Orientation, ”  and 
includes items such as student perceptions of whether faculty are 
interested in students ’  academic problems, care about the con-
cerns of minority groups, are approachable outside of class, and 
treat students as persons and not as numbers. He found that this 
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factor positively impacts retention, the percentage of students 
who go on to graduate school, and self - reported critical thinking, 
analysis, and problem - solving skills. Seymour and Hewitt  (1997)  
found that one of the reasons students switch from the sciences 
is faculty unavailability, and that, conversely, one of the variables 
that changed the minds of students who were thinking about 
switching was the intervention by a faculty member during a criti-
cal point in the student ’ s academic or personal life. Similarly, 
Pascarella and Terenzini  (1977)  discovered that the absence of 
faculty contacts or the perception that those are largely formalis-
tic exchanges is one of the determinants of student withdrawal 
from college. Just like tone, faculty - student interaction impacts 
learning and performance through motivational and socioemo-
tional mediating mechanisms, infl uencing participation, risk - 
taking, and persistence. Of course, students also contribute to the 
classroom climate with their own behaviors, like Gloria and Kayla 
did in the fi rst story, but the way the instructor responds to those 
behaviors is the fi nal determinant of climate. If Professor Battaglia 
had been able to curtail the emotional responses by appealing to 
ground rules for discussion or by providing a strong rationale for 
the readings he chose or by changing course to explore Gloria ’ s 
critique further, the discussion might have ended in a very differ-
ent way.  

  Content 
 The climate variables explored thus far are all process variables —
 explicit and subtle speech and behaviors of faculty and students. 
But what about the content of our courses? Is there something 
inherent to  what  we teach — not  how  — that can infl uence climate? 
Marchesani and Adams  (1992)  describe a continuum of inclusion 
for course content from the Exclusive Curriculum, where only a 
dominant perspective is represented, to the Exceptional Outsider 
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stage, in which a token marginalized perspective is included only 
to comply with a requirement (for instance, one Native American 
poet in an American poetry course), to ever more inclusive stages, 
culminating with the Transformed Curriculum, where multiple 
perspectives are placed at the center. Although this classifi cation 
is more germane to arts, humanities, and social science courses, 
our conception of content is relevant to climate in all courses. 
Course readings certainly fall in this category, but content is 
broader than that. It includes the examples and metaphors instruc-
tors use in class and the case studies and project topics we let our 
students choose. Just as important as those used are those omitted, 
because they all send messages about the fi eld and who belongs 
in it. Again, if Professor Guttman had systematically highlighted 
the contributions of engineers who happen to be women, this 
would have communicated powerful messages about women in 
engineering. For students who are developing their sense of iden-
tity, purpose, and competence, some of these messages can trans-
late into messages about their own power, identity, and agency 
and can infl uence engagement and persistence in the fi eld. Astin ’ s 
study  (1993)  identifi ed a factor, which he called  “ Faculty Diversity 
Orientation, ”  comprising items such as inclusion of readings on 
gender and racial issues in the curriculum. He found that this 
factor positively impacts student GPA. The realization that 
Professor Battaglia teaches economics in isolation from race 
might be very discouraging for students such as Gloria. In fact, 
Seymour and Hewitt  (1997)  found that many of the women and 
minority students who left the sciences transferred to fi elds where 
race and gender are legitimate lenses of analysis instead of  “ a dirty 
little secret over in the engineering school. ”  In conclusion, content 
can affect learning through cognitive, motivational, and socio-
emotional mechanisms because it determines what is and is not 
learned and how meaningful the material and the fi eld are to 
students.  
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  Implications of This Research 
 What are the implications of the fi ndings on climate for teaching 
and learning? The fi rst is that learning doesn ’ t happen in a vacuum 
but in a course and classroom context where intellectual pursuits 
interface with socioemotional issues. The second is that climate 
works in both blatant and subtle ways, and many well - intentioned 
or seemingly inconsequential decisions can have unintended neg-
ative effects with regard to climate. Finally, as instructors, we have 
a great deal of control over the climate we shape, and can leverage 
climate in the service of learning once we understand how and why 
it infl uences student learning. Because of the connections between 
classroom climate and student development, many of the strate-
gies that help foster a productive climate also encourage student 
development. The next section offers many such strategies.   

  WHAT STRATEGIES DOES THE 
RESEARCH SUGGEST? 

 Here are a number of strategies that may help you encourage 
student development and create a productive classroom climate. 
Most of these strategies work toward both goals, reinforcing our 
claim that student development must be considered in the context 
of the course environment. 

  Strategies That Promote Student Development 
and Productive Climate 

  Make Uncertainty Safe     For those students who are comfort-
able in black and white worldviews, there can be an emotional 
resistance to intellectual development, and it might be important 
to support them in dealing with ambiguity. There are various 
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ways to do this. Validate different viewpoints, even unpopular 
ones. Explicitly let students know that part of critical thinking 
is to embrace complexity rather than oversimplify matters. 
Explain that even though it might seem frustrating, the point of 
classroom discussions is not to reach consensus but to enrich 
everybody ’ s thinking. Model this attitude in your disciplinary 
context.  

  Resist a Single Right Answer     Textbooks present information 
very linearly, but knowledge is generated and contested over time. 
If you want students to be in dialogue with the texts in your dis-
cipline, create a structure that can support it. You can ask stu-
dents to generate multiple approaches to a problem or debate a 
devil ’ s advocate position. Ask them to articulate their perspective 
before you volunteer yours so as not to bias them. When appropri-
ate, use assignments with multiple correct solutions.  

  Incorporate Evidence into Performance and Grading Criteria     
If you want students to support their opinions with evidence, use 
rubrics and other tools to scaffold this practice. You can educate 
students to use the rubric by asking them to read each other ’ s 
work and circle the pieces of evidence to highlight them visually. 
Incorporating evidence in your grading scheme will also reduce 
 “ grade grubbing ”  based on the notion that personal opinions are 
subjective and cannot be graded fairly.  

  Examine Your Assumptions About Students     Because assump-
tions infl uence the way we interact with our students, which in 
turn impacts their learning, we need to uncover and at times ques-
tion those assumptions. It is common for instructors to assume 
that students share our background and frames of reference (for 
example, historical or literary references). It is equally common to 
make assumptions about students ’  ability (for example, Asian 
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students will do better in math), identity and viewpoint (for 
example, students share your sexual orientation or political affi li-
ation), and attributions (for example, tentative language indicates 
intellectual weakness). These assumptions can result in behaviors 
that are unintentionally alienating and can affect climate and 
students ’  developing sense of identity.  

  Be Mindful of Low - Ability Cues     In their efforts to help stu-
dents, some instructors inadvertently send mixed messages based 
on assumptions (for example,  “ I ’ ll be happy to help you with this 
because I know girls have trouble with math ” ). These cues encour-
age attributions focused on permanent, uncontrollable causes like 
gender, which diminish students ’  self - effi cacy. Instead, it is more 
productive to focus on controllable causes, such as effort (for 
example,  “ the more you practice, the more you learn ” ). A  “ throw 
away ”  comment on an instructor ’ s part can send an unintended 
but powerful message that may saddle students ’  identity with 
negative perceptions related to their group membership and infl u-
ence their perception of the course climate.  

  Do Not Ask Individuals to Speak for an Entire Group     
Minority students often report either feeling invisible in class or 
sticking out like a sore thumb as the token minority. This experi-
ence is heightened when they are addressed as spokespeople for 
their whole group, and can have implications on performance (for 
example, if they become nonengaged, angry, or combative). These 
emotions can disrupt students ’  ability to think clearly, be logical, 
solve problems, and so on.  

  Reduce Anonymity     Creating an effective learning climate often 
includes making students feel recognized as individuals, both by 
the instructor and by peers. Making an effort to learn students ’  
names, providing opportunities for students to learn each others ’  
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names, inviting students to offi ce hours, going to a student ’ s 
theater production or sports event, and so on, can help to break 
down the barriers created by large classes.  

  Model Inclusive Language, Behavior, and Attitudes     Just as 
instructors operate under a set of assumptions that may or may 
not be true, so do students. Addressing these assumptions (for 
example, that we all share a common heritage, set of experiences, 
or goals) by modeling inclusiveness can provide a powerful learn-
ing experience for all students. For instance, avoid using mascu-
line pronouns for both males and females or, when you use 
American idioms, explain them for the benefi t of non - native 
English speakers. These types of behaviors can  “ catch on ”  in a 
classroom and create a climate that is welcoming to all rather than 
demotivating to some who do not feel represented or validated. 
Feeling included and not marginalized is essential for the develop-
ment of a positive sense of identity.  

  Use Multiple and Diverse Examples     Multiple examples are 
important if students are to understand that theories and con-
cepts can operate in a variety of contexts and conditions, and they 
also increase the likelihood of students relating to at least some 
of them. So, for instance, plan examples that speak to both sexes, 
work across cultures, and relate to people from various socioeco-
nomic statuses, traditional age as well as adult returning students. 
This simple strategy can help students feel connected to the 
content, that they belong in the course or fi eld, and reinforce their 
developing sense of competence and purpose.  

  Establish and Reinforce Ground Rules for Interaction     
Ground rules can help to assure that peers are being inclusive and 
respectful in order to create an effective learning climate and 
promote students ’  development. To generate maximal buy - in 
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for the ground rules, you can involve students in the process of 
establishing them. See Appendix  E  for an example of such a 
process. Of course, you will still need to occasionally reinforce the 
ground rules and correct students for the occasional noninclusive 
behavior or disrespectful comment.  

  Make Sure Course Content Does Not Marginalize Students     
Think about whether certain perspectives are systematically 
unrepresented in your course materials (for example, a course on 
family focusing only on traditional families, or a course on public 
policy ignoring race issues). Neglecting some issues implies a 
value judgment, which can alienate certain groups of students, 
thus impeding their developing sense of identity.  

  Use the Syllabus and First Day of Class to Establish the Course 
Climate     First impressions are incredibly important because 
they can be long - lasting. Your students will form impressions 
about you and the course on the fi rst day, so set the tone that you 
want to permeate the semester. Think through how to introduce 
yourself and the course. How will you balance establishing your 
competence and authority with coming across as supportive and 
approachable? What kind of icebreaker can help students get to 
know each other and become comfortable with you and the course 
while engaging the content meaningfully?  

  Set Up Processes to Get Feedback on the Climate     Because 
some alienating attitudes, behaviors, and language function under 
the surface (that is, they are subtle), it is not always easy to get a 
sense of whether everyone in the class feels equally valued, 
accepted, heard, and so on. You can continually monitor the cli-
mate — particularly in courses dealing with sensitive issues — by 
asking student representatives who meet with you on a regular 
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basis to share feedback from the class, or through an early course 
evaluation that specifi cally asks about climate issues. You can also 
videotape yourself or ask a third party (a TA, a teaching center 
consultant, a colleague) to sit in on your class and collect data on 
your interactions with students. Indicators to monitor can include 
noticing which groups are called on, interrupted, asked less 
sophisticated questions, or given acknowledgment for their con-
tributions more than other groups.  

  Anticipate and Prepare for Potentially Sensitive Issues     We 
usually know from our own or our colleagues ’  past experiences 
what issues seem to be  “ hot topics ”  for some of our students. 
Preparing students to learn from these opportunities requires 
careful framing (for instance, an acknowledgment that the topic 
can have personal signifi cance for many students and also an 
articulation of the expectations for the tone of the discussion), an 
explanation for why the course is dealing with the issue (for 
instance, the necessity to hear all sides of the debate to arrive at a 
multifaceted understanding), and ground rules (see above) that 
assure a civil discussion.  

  Address Tensions Early     If you are closely monitoring the 
climate and it becomes apparent that you or others are inadver-
tently shutting people out, marginalizing others,  “ pressing some-
one ’ s button, ”  and so on, address the issue before it gets out of 
hand. This may mean apologizing for yourself or others, if war-
ranted (for example,  “ I ’ m sorry if some of you interpreted my 
comment as  …  ” ), taking a student aside after class to explain the 
impact of a comment, explicitly discussing the tension (for 
example,  “ Some people believe it racist to say  …  ” ), or delving into 
the issue through a series of questions (for example,  “ What are 
other ways people might perceive that statement? ” ). Remember 
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that college students are learning to manage their emotions and 
sometimes don ’ t know how to express them appropriately. In 
these cases, you might want to discuss intent versus impact (for 
example,  “ You probably did not mean this, but some people might 
interpret your comments as sexist because  …  ” ). This strategy pro-
tects students who make unsophisticated comments so that they 
do not shut down and foreclose further development, while 
acknowledging the frustration of the rest of the class.  

  Turn Discord and Tension into a Learning Opportunity     
Students need to learn that debate, tension, discord, and cognitive 
dissonance are all opportunities to expand one ’ s perspective, delve 
deeper into a topic, better understand opposing views, and so on; 
hence, we need not avoid them. However, because college students 
are still developing social and emotional skills, these can often 
overshadow intellect, logic, and rational thinking. As a result, we 
need to work to continually shape our classroom climate. So do 
not foreclose a discussion just because tensions are running high; 
rather, funnel those emotions into useful dialogue. For example, 
you might ask students to take on another perspective using a role 
play, take a time out (for example, write their reactions down so 
that they are more useful and constructive), or simply explain how 
and why discomfort and tension can be a valuable part of 
learning.  

  Facilitate Active Listening     Sometimes tensions arise because 
students are not hearing what others are saying. To build this 
important skill and enhance classroom interactions, you might 
ask students to paraphrase what someone has said, followed up 
by a series of questions as to whether their perception was inac-
curate or incomplete. You can also model this skill yourself by 
paraphrasing a student ’ s response and then asking whether you 
captured their perspective accurately.    
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  SUMMARY 

 In this chapter, we have argued that we need to consider students 
holistically as intellectual, social, and emotional beings. We have 
reviewed the research that documents how students are still devel-
oping in all these areas and in their sense of identity, and we have 
documented how their level of development can infl uence learn-
ing and performance. Likewise, we have argued that we need to 
look at our classrooms not only as intellectual but also social and 
emotional environments, and we have shown that all these facets 
of the course climate interact with student development and 
impact learning and performance. We also have shown that 
although instructors can only encourage development, they can 
have a great impact on the course climate. Our hope is that 
instructors can be more intentional in how they shape their 
course ’ s climate and, consequently, student learning.    
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  C H A P T E R  7 

  How Do Students 
Become Self - Directed 
Learners?              
     The  “ A ”  Student 
 I was exhausted from reading and grading twenty - fi ve papers 
over the past weekend, but I was glad to be able to hand 
them back so quickly. It was the fi rst big assignment in my 
freshman seminar on immigration, and it required students to 
state an argument and support it with evidence from course 
readings and supplemental documents. After class, one of the 
students, Melanie, approached me and insisted that she 
needed to talk with me immediately about her grade (not 
about her paper, mind you!). Hers was a typical fi rst paper in 
this course — it lacked a clearly articulated argument, and there 
was only weak evidence to support what I inferred was her 
argument. As we walked across campus toward my offi ce, she 
began explaining that she was a  “ gifted ”  writer who had 
always received As on her high school English papers. She 
made clear to me that there must be some mistake in this 
paper ’ s grade because her mother, a high school English 
teacher, had read the paper over the weekend and thought it 
was wonderful. Melanie admitted that she had started this 
assignment the night before it was due, but insisted that she 
worked best under pressure, saying,  “ That ’ s just how my 
creative juices fl ow. ”  

  Professor Sara Yang   
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  WHAT IS GOING ON IN THESE STORIES? 

 On the surface, these stories seem quite different: Melanie starts 
her history paper at the last minute, whereas John studies hard 
(and harder) for weeks before his chemistry exams. However, both 
students perform well below their expectations without under-
standing why. As we analyze the details of each story, other issues 
emerge. We see that John has a set of study strategies — mostly 
involving rote memorization of facts and defi nitions — that were 

  The Hamster Wheel 
 After I saw John ’ s grade on the second Modern Chemistry 
exam, I couldn ’ t help but ask myself,  “ How can someone 
attend every single lecture — sitting attentively in the front 
row — and go to every recitation and lab, no less, and still do 
so poorly on my exams? ”  I had explicitly told the students 
that my exams are designed to test conceptual understanding, 
and yet John seemed to be thrown for a loop. His fi rst exam 
score had also been pretty low, but he wasn ’ t alone in that, 
given students ’  fi rst - exam jitters. By this time, however, I 
thought he would have learned what to expect. I asked John 
what had happened, and he too seemed perplexed.  “ I studied 
for weeks, ”  he said, fl ipping open his textbook. I could hardly 
believe how much of the text was highlighted. The pages 
practically glowed with neon yellow. He went on to describe 
how he had re - read the relevant chapters multiple times and 
then memorized various terms by writing their defi nitions on 
fl ashcards. I asked where he had learned this approach to 
studying, and he explained that it had always worked for him 
when he used to prepare for his science tests in high school.  

 Professor Gar Zeminsky  
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suffi cient in his high school classes but that are proving to be 
ineffective for the intellectual demands of a college course. Rather 
than changing his approach after a poor performance on the fi rst 
exam, however, John doggedly redoubles his efforts only to fi nd 
that more of the same does not help. Melanie also enlists strate-
gies that worked for her in the past, but she fails to recognize 
important differences — in both disciplinary approach and level of 
sophistication — between the kinds of writing valued in high school 
English classes and the kinds of writing expected in her college 
history course. Furthermore, she does not even acknowledge that 
she did poorly on the current assignment. Both Melanie and John 
are encountering new sets of intellectual challenges. Unfortunately, 
neither of them recognizes the shortcomings in their strategies, 
and they fail to develop new ones. To complicate matters, Melanie 
holds beliefs about her own abilities, based in part on past perfor-
mance, that make her unwilling to admit that there is anything 
wrong with her current approach.  

  WHAT PRINCIPLE OF LEARNING IS 
AT WORK HERE? 

 Although these two students are struggling with different 
tasks in distinct courses, their diffi culties point to similar short-
comings in  metacognition . Metacognition refers to  “ the process of 
refl ecting on and directing one ’ s own thinking ”  (National Research 
Council,  2001 , p. 78). Both Melanie and John have trouble accu-
rately assessing their own learning and performance, and they fail 
to adapt their approaches to the current situation. As a result, 
both students ’  learning and performance suffer. In other 
words, when it comes to applying metacognitive skills to direct 
their own learning — the focus of this chapter — Melanie and John 
fall short.     
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 This principle lays out the key metacognitive skills that 
are critical to being an effective self - directed (also called  “ self -
 regulated ”  or  “ lifelong ” ) learner. Such skills arguably become 
more and more important at higher levels of education and in 
professional life as one takes on more complex tasks and greater 
responsibility for one ’ s own learning. For example, compared to 
high school, students in college are often required to complete 
larger, longer - term projects and must do so rather independently. 
Such projects often demand that students recognize what they 
already know that is relevant to completing the project, identify 
what they still need to learn, plan an approach to learn that mate-
rial independently, potentially redefi ne the scope of the project so 
they can realistically accomplish it, and monitor and adjust their 
approach along the way. Given all this, it is not surprising that 
one of the major intellectual challenges students face upon 
entering college is managing their own learning (Pascarella  &  
Terenzini,  2005 ). 

 Unfortunately, these metacognitive skills tend to fall outside 
the content area of most courses, and consequently they are 
often neglected in instruction. However, helping students to 
improve their metacognitive skills can hold enormous benefi ts. 
The benefi ts include not only intellectual habits that are valuable 
across disciplines (such as planning one ’ s approach to a large 
project, considering alternatives, and evaluating one ’ s own per-
spective), but also more fl exible and usable discipline - specifi c 
knowledge. Imagine if John and Melanie had learned to evaluate 

  Principle:  To become self - directed learners, students must 
learn to assess the demands of the task, evaluate their own 

knowledge and skills, plan their approach, monitor their 
progress, and adjust their strategies as needed.   
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the demands of the tasks that they were given and had been 
able to adjust their approaches to learning accordingly. By the 
second exam, John might have shifted from highlighting his text-
book and memorizing facts to concentrating on the conceptual 
underpinnings of chemistry, perhaps creating a concept map to 
test his understanding of key ideas and the causal relationships 
between them. Melanie might have switched to a new writing 
strategy that centered on articulating a clear argument and sup-
porting it with evidence, rather than persisting with the descrip-
tive approach she probably used in high school. In other words, 
better metacognitive skills would have helped both John and 
Melanie learn more, which would have been refl ected in improved 
performance.  

  WHAT DOES THE RESEARCH ABOUT 
METACOGNITION TELL US? 

 Researchers have proposed various models to describe how learn-
ers would ideally apply metacognitive skills to learn and perform 
well (Brown et al.,  1983 ; Butler,  1997 ; Pintrich,  2000 ; Winne  &  
Hadwin,  1998 ). Although these models differ in their particulars, 
they share the notion that learners need to engage in a variety of 
processes to  monitor  and  control  their learning (Zimmerman,  2001 ). 
Moreover, because the processes of monitoring and controlling 
mutually affect each other, these models often take the form of a 
cycle. Figure  7.1  depicts a cycle of basic metacognitive processes 
in which learners 

   •      Assess the task at hand, taking into consideration the task ’ s 
goals and constraints  

   •      Evaluate their own knowledge and skills, identifying strengths 
and weaknesses  
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   •      Plan their approach in a way that accounts for the current 
situation  

   •      Apply various strategies to enact their plan, monitoring their 
progress along the way  

   •      Refl ect on the degree to which their current approach is working 
so that they can adjust and restart the cycle as needed      

 In addition to the many ways in which these processes 
can overlap and interact with each other, students ’  beliefs about 
intelligence and learning (such as whether intelligence is fi xed or 
malleable and whether learning is quick and easy or slow and 
effortful) represent a factor that can infl uence the whole cycle in 
a variety of ways (see the center of Figure  7.1 ). In the sections 

     Figure 7.1.     Cycle of Self - Directed Learning  
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below, we examine key research fi ndings related to each process 
in this cycle, as well as to students ’  beliefs about intelligence and 
learning. 

  Assessing the Task at Hand 
 When students submit work that misses the point of an assign-
ment, faculty often ask themselves in bewilderment:  “ Did they 
even read the assignment? ”  In fact, your students may  not  have or, 
if they did, they may have failed to accurately assess what they 
were supposed to do, perhaps making assumptions about the task 
based on their previous educational experiences. In one research 
study investigating students ’  diffi culties with college writing 
assignments, Carey, Flower, Hayes, and others  (1989)  found that 
half of the college students they observed ignored the instructor ’ s 
articulation of the writing assignment and instead used a generic 
writing - as - knowledge - telling strategy that they had used in high 
school. These students consequently presented everything that 
they knew about the paper ’ s topic without regard to the specifi c 
goal or purpose of the assignment. 

 This research suggests that the fi rst phase of metacogni-
tion — assessing the task — is not always a natural or easy one for 
students. We see this in the stories at the beginning of the chapter. 
Even though Professor Yang ’ s assignment specifi ed that students ’  
papers should present an argument with supporting evidence, 
Melanie fell back on strategies that she had learned in her high 
school English class. John also ignored — or misunderstood — his 
professor ’ s statement about the purpose of the exam (to test con-
ceptual knowledge) and assumed that he knew how to study, 
based on his high school experiences (memorize facts rather than 
identify key ideas and their relationships). In both cases, the 
student inappropriately assessed the task despite the instructor ’ s 
efforts toward giving clear directions. 
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 Given that students can easily misassess the task at hand, it 
may not be suffi cient simply to remind students to  “ read the 
assignment carefully. ”  In fact, students may need to (1) learn  how  
to assess the task, (2) practice incorporating this step into their 
planning before it will become a habit, and (3) receive feedback 
on the accuracy of their task assessment  before  they begin working 
on a given task.  

  Evaluating One ’ s Own Strengths and Weaknesses 
 Even if students can adequately assess an assignment — that is, 
they manage to determine what needs to be done to effectively 
complete the assignment — there is still a question of how well 
prepared they are to meet the task at hand. Research has found 
that people in general have great diffi culty recognizing their own 
strengths and weaknesses, and students appear to be especially 
poor judges of their own knowledge and skills. For example, when 
nursing students were asked about their profi ciency in perform-
ing several basic procedures (such as inserting an IV), the majority 
of them  overestimated  their abilities relative to their actual perfor-
mance. This phenomenon has been found in a variety of contexts 
(Dunning,  2007 ). Moreover, research suggests that the students 
with weaker knowledge and skills are less able to assess their abili-
ties than students with stronger skills. For example, when asked 
to predict their performance both before and after completing a 
test, students in an undergraduate psychology course showed dif-
ferent levels of accuracy in their estimates, based on their  actual  
performance: The highest - performing students were accurate in 
their predictions and postdictions (and became more accurate 
over subsequent tests), but the poor students grossly overesti-
mated their performance both before and after taking the test and 
showed little improvement in their estimates over time (Hacker et 
al.,  2000 ). 
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 This tendency — especially among novices — to inaccurately 
assess one ’ s knowledge and skill relative to a particular goal is 
particularly troubling because it has serious consequences for 
one ’ s ability to achieve that goal. For example, a student who inac-
curately assesses his or her skills for a particular task might seri-
ously underestimate the time it will take to effectively complete 
the given assignment or the additional help and resources that will 
have to be acquired. This inability to self - assess is apparent in both 
stories from the beginning of the chapter. Melanie believes that 
she is a gifted writer and considers her strength to be writing 
under pressure. As a result of this overconfi dence, she begins her 
history paper at the last minute. John, too, is proud of his meticu-
lous reading and relentless highlighting of his chemistry textbook, 
but he confuses this diligence with successful learning of the key 
concepts. If these students had managed to evaluate their abilities 
more realistically, they might have engaged more appropriate 
strategies that, in turn, could have produced better outcomes.  

  Planning an Appropriate Approach 
 Given students ’  diffi culties in assessing the task and their own 
abilities, it follows that their capacity to plan effectively would 
also be compromised. In the stories at the beginning of the 
chapter, we see two ways students ’  planning can go awry: (1) 
simply not planning enough, especially for a complex task and (2) 
planning inappropriately for the current situation. Melanie exem-
plifi es the fi rst problem by starting her paper the night before and 
spending little or no time thinking ahead about what (and how) 
she needs to write for this assignment. John defi nitely plans how 
he will study for his chemistry test; however, his plan is poorly 
suited to the kind of exam Professor Zeminsky gives. Research on 
students ’  planning behavior provides evidence for both of these 
planning problems. 
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 Melanie ’ s lack of planning is consistent with a body of 
research that shows students tend to spend too little time plan-
ning, especially when compared to more expert individuals. For 
example, in one study, physics experts (graduate students and 
faculty) and novices (students in introductory courses) were asked 
to solve various physics problems. Not surprisingly, the experts 
solved the problems more quickly and more accurately than the 
novices. However, the intriguing result was that the experts spent 
proportionately much more time than novices planning their 
approach. Novices, conversely, spent almost no time planning and 
instead started each problem by applying various equations to try 
to fi nd a solution. This lack of planning led the novices to waste 
much of their time because they made false starts and took steps 
that ultimately did not lead to a correct solution (Chi et al.,  1989 ). 
Similar effects have been found in other disciplines, such as math 
and writing (Hayes  &  Flower,  1986 ; Schoenfeld,  1987 ). In other 
words, even though planning one ’ s approach to a task can increase 
the chances of success, students tend not to recognize the 
need for it. 

 Research also shows that when students do engage in plan-
ning, they often make plans that are not well matched to the task 
at hand. For example, one research study analyzed the planning 
behavior of experts (college writing teachers) and novices (stu-
dents) and then used independent judges to rate the quality of the 
fi nal written texts. Results showed that the novice — and less effec-
tive — writers were the ones who had planned less appropriately 
(Carey et al.,  1989 ).  

  Applying Strategies and Monitoring Performance 
 Once students have a plan and begin to apply strategies that 
implement their plan, they need to monitor their performance. In 
other words, students need to ask themselves,  “ Is this strategy 
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working, or would another one be more productive? ”  Without 
effectively monitoring their own progress, students like John in 
the story at the beginning of the chapter may continue to apply 
an ineffective strategy and consequently waste time and achieve 
poor outcomes. 

 Research on the effects of students ’  self - monitoring activi-
ties has highlighted two important fi ndings. First, students who 
naturally monitor their own progress and try to explain to them-
selves what they are learning along the way generally show greater 
learning gains as compared to students who engage less often in 
self - monitoring and self - explanation activities. For example, in 
one study, students were asked to talk aloud while they studied 
an introductory science topic in a textbook. After studying, the 
students took a problem - solving test that measured how much 
they had learned. The researchers split the students into two 
groups according to their problem - solving performance — the 
good problem solvers and the poor problem solvers — and then 
looked to see whether there were any differences in how they 
studied the textbook from the talk - aloud protocols. A key dif-
ference they found was that the good problem solvers were far 
more likely to monitor their understanding while they studied, 
that is, to continually stop themselves as they were reading to 
ask whether they were understanding the concepts just presented 
(Chi et al.,  1989 ). 

 Although this research shows a positive relationship between 
natural self - monitoring and learning effectiveness, the question 
of real interest for instructors is whether teaching students to 
self - monitor actually improves students ’  learning. Research in 
multiple science domains indicates that the answer is yes. Students 
who were taught or prompted to monitor their own understand-
ing or to explain to themselves what they were learning had greater 
learning gains relative to students who were not given any moni-
toring instruction (Bielaczyc, Pirolli,  &  Brown,  1995 ; Chi et al., 
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 1994 ). In addition, research has shown that when students are 
taught to ask each other a series of comprehension - monitoring 
questions during reading, they learn to self - monitor more often 
and hence learn more from what they read (Palinscar  &  Brown, 
 1984 ).  

  Re! ecting on and Adjusting One ’ s Approach 
 Even when students monitor their performance and identify fail-
ures or shortcomings in their approach, there is no guarantee that 
they will adjust or try more effective alternatives. They may be 
resistant, for any number of reasons, to change their current 
method, or they may lack alternative strategies. Melanie, for 
example, is reluctant to deviate from a style of writing that won 
her praise in high school. But even if she  were  able to recognize 
defi cits in her analytical writing, she might not know how to write 
differently. John, too, may not know any other ways to study for 
an exam. 

 Research has shown that good problem solvers will try new 
strategies if their current strategy is not working, whereas poor 
problem solvers will continue to use a strategy even after it has 
failed (National Research Council,  2001 , p. 78). Similarly, good 
writers will evaluate their writing from their audience ’ s perspec-
tive and revise the parts of their work that do not convey the 
desired meaning (Hayes  &  Flower,  1986 ). However, these kinds of 
adjustments tend not to occur if the perceived cost of switching 
to a new approach is too high. Such costs include the time and 
effort it takes to change one ’ s habits as well as the fact that new 
approaches, even if better in the long run, tend to underperform 
more practiced approaches at fi rst. So, busy or pro crastination -
 prone students may be unwilling to put in an up - front investment 
in making a change. In fact, research shows that people will 
often continue to use a familiar strategy that works moderately 
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well rather than switch to a new strategy that would work better 
(Fu  &  Gray,  2004 ). This suggests that students will tend not to 
adopt newly learned strategies unless the perceived benefi ts 
clearly outweigh the perceived costs, especially the costs of effort 
and time.  

  Beliefs About Intelligence and Learning 
 At the beginning of this chapter, we indicated that students ’  
beliefs about intelligence and learning can have a pervasive infl u-
ence on metacognitive processes. Examples of such beliefs include 
whether students view learning as fast and easy or slow and dif-
fi cult, and whether they perceive intelligence as fi xed or malleable. 
Other examples include students ’  beliefs about their own abilities 
(in either direction) and their special talents. 

 Research shows that students ’  beliefs in these areas are asso-
ciated with their learning - related behaviors and outcomes, includ-
ing course grades and test scores (Schommer,  1994 ). For example, 
in one study, researchers collected a variety of measures, including 
students ’  beliefs about whether intelligence was fi xed (there is 
nothing one can do to improve it) or incremental (one can work 
to develop greater intelligence), sense of self - effi cacy, motivation, 
time spent studying, study strategies, and learning behaviors. By 
applying various statistical techniques to sort out the relation-
ships among all these variables, the researchers found a pattern 
that linked students ’  beliefs about intelligence with their study 
strategies and learning behaviors (Henderson  &  Dweck,  1990 ). 
This connection makes intuitive sense in that students who believe 
intelligence is fi xed have no reason to put in the time and effort 
to improve because they believe their effort will have little or no 
effect. Having put in relatively little effort, such students are less 
likely to learn and perform well. In contrast, students who believe 
that intelligence is incremental (that is, skills can be developed 
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that will lead to greater academic success) have a good reason to 
engage their time and effort in various study strategies because 
they believe this will improve their skills and hence their out-
comes. Having put in relatively more effort — especially after 
facing diffi culty — such students are more likely to learn and 
perform better. 

 Looking to the fi rst story from the beginning of the chapter 
illustrates how beliefs about one ’ s own abilities can also have an 
impact on metacognitive processes and learning. Melanie has 
beliefs about herself —  “ I ’ m a good writer ”  and  “ I always get As on 
my papers ”  — that infl uence her approach to Professor Yang ’ s 
assignment. She starts her paper late, assuming that her innate 
talent for writing and her ability to work under pressure will carry 
her through. When the result — mainly her poor grade — does not 
match her beliefs and expectations, Melanie attributes the 
outcome to inaccurate grading rather than to her own conceptu-
alization of the task, her skills, or the effort that she invested. 
If Melanie maintains these beliefs, it seems likely that she will 
not change her approach or try to refi ne her writing skills, even 
if she is given other opportunities to practice writing in this 
history course. 

 By the converse line of reasoning, a student who has  negative  
beliefs about his or her abilities in particular contexts (for example, 
 “ I ’ m no good at math ” ) may feel defeated from the outset and 
consequently not bother to plan or implement effortful strategies 
because of the belief that any time and effort expended will do 
little good. Unfortunately, therefore, a belief in one ’ s own abilities 
in either direction — strong or weak — can seriously impede one ’ s 
metacognitive processes and hence learning and development. 

 What can be done to help students acquire more productive 
beliefs about learning? Although a common fi nding is that 
beliefs and attitudes are diffi cult to change, new research offers 
some hope for modifying students ’  beliefs and consequently 
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improving their learning. In a study of Stanford University stu-
dents (Aronson, Fried,  &  Good,  2002 ), half of the students 
were given a short information session that promoted a belief in 
intelligence as  “ malleable, ”  that is, something that develops 
with practice and hard work. The other half were told that intel-
ligence comprised multiple components (for example, verbal, 
logical, interpersonal) and was  “ fi xed ”  such that people simply 
needed to discover which of these fi xed attributes was their 
particular talent in order to leverage their strengths. Both groups 
then participated in three sessions in which they were told to 
write letters to academically struggling high school students. 
In these letters, the study participants were encouraged to discuss 
the view of intelligence they had been taught in their information 
session as a means of encouraging their high school  “ pen pals ”  
(who, in fact, did not exist). Follow - up assessments found that 
students in the  “ malleable ”  intelligence session showed more 
change in their views on intelligence and endorsed the  “ malleable ”  
perspective more strongly than the  “ fi xed ”  group and another 
control group. Over time, the malleable group showed an even 
stronger endorsement of the malleable position whereas the fi xed 
and control groups did not. Perhaps most important, the  “ mal-
leable ”  students rated their enjoyment of academics higher and 
showed a grade advantage the following quarter over the  “ fi xed ”  
group and control group.  

  Implications of This Research 
 Perhaps the simplest summary of the research presented in each 
of the preceding six sections is to say that students tend not to 
apply metacognitive skills as well or as often as they should. This 
implies that students will often need our support in learning, 
refi ning, and effectively applying basic metacognitive skills. To 
address these needs, then, requires us as instructors to consider 
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the advantages these skills can offer students in the long run and 
then, as appropriate, to make the development of metacognitive 
skills part of our course goals. 

 In the case of assessing the task at hand and planning an 
appropriate approach, students not only tend to generate inap-
propriate assessments and plans but sometimes also completely 
fail to consider these critical steps. This suggests that students 
may need signifi cant practice at task assessment and planning 
even to remember to apply those skills. In the case of monitoring 
one ’ s progress and refl ecting on one ’ s overall success, research 
indicates that explicitly teaching students to engage in these pro-
cesses is benefi cial. Nevertheless, students will probably need con-
siderable practice to apply these skills effectively. 

 Finally, some of the research — for example, on students ’  
ability to evaluate their own strengths and weaknesses, 
their ability to adjust their strategies, and the impact of their 
beliefs about learning and intelligence — indicates somewhat large 
obstacles to be overcome. In these cases, the most natural implica-
tion may be to address these issues as directly as possible — by 
working to raise students ’  awareness of the challenges they face 
and by considering some of the interventions that helped students 
productively modify their beliefs about intelligence — and, at the 
same time, to set reasonable expectations for how much improve-
ment is likely to occur.   

  WHAT STRATEGIES DOES THE 
RESEARCH SUGGEST? 

 In this section we list strategies for promoting each of the aspects 
of metacognition discussed in the chapter. In addition, we present 
two strategies that can be useful in helping students develop 
metacognitive skills in general. 
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  Assessing the Task at Hand 
  Be More Explicit Than You May Think Necessary     Although 
it is natural to assume that a basic description of an assignment 
is suffi cient, students may have assumptions about the nature of 
the task that are not in line with yours. For example, students in 
a design course might assume from previous experiences that the 
goal of any project is simply getting a fi nished product that they 
like. With this in mind, they might focus solely on the fi nal design 
or presentation. However, if the instructor ’ s objective is for stu-
dents to develop more sophisticated  process  skills (for example, 
researching relevant design ideas to spur their creativity, record-
ing their exploration of multiple concepts, and explaining their 
design choices and revisions along the way to a fi nal product), it 
may be necessary not only to express these goals explicitly but also 
to articulate what students need to do to meet the assignment ’ s 
objectives (for example, keeping a process journal in which they 
document their design iterations and explain their thought pro-
cesses). It may also help to explain to students why these particu-
lar goals are important (for example,  “ Developing strong process 
skills will help you become more consistent and more able to 
handle complex tasks ” ).  

  Tell Students What You Do  Not  Want     In addition to clearly 
articulating your goals for an assignment, it can be helpful to 
identify what you do  not  mean by referring to common misinter-
pretations students have shown in the past or by explaining why 
some pieces of work do not meet your assignment goals. For 
example, in the case of writing, it is often helpful to share writing 
samples that are annotated to highlight strong or weak features. 
Such samples can also be used to give students practice at recog-
nizing some of the components you want them to include in their 
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work (for example, identifying an argument and its supporting 
evidence).  

  Check Students ’  Understanding of the Task     To make sure 
that students are accurately assessing the task at hand, ask them 
what they think they need to do to complete an assignment or 
how they plan to prepare for an upcoming exam. Then give them 
feedback, including suggestions of alternatives if their strategies 
do not map onto the requirements of the task. For complex 
assignments, ask students to rewrite the main goal of the assign-
ment  in their own words  and then describe the steps that they feel 
they need to take in order to complete that goal.  

  Provide Performance Criteria with the Assignment     When 
distributing an assignment, clearly articulate the criteria that 
will be used to evaluate students ’  work. This can be done as a 
checklist that highlights the assignment ’ s key requirements, such 
as content, structural features, and formatting details. Encourage 
students to refer to the checklist as they work on the assignment, 
and require them to submit a signed copy of it with the fi nal 
product. With further practice on similar assignments, such 
checklists can be phased out as students begin to check their work 
on their own. 

 Your criteria could also be communicated to students 
through a performance rubric that explicitly represents the com-
ponent parts of the task along with the characteristics of each 
component at varying levels of mastery (see Appendix  C ). 
Distributing the rubric with the assignment description — instead 
of only with the graded assignment — helps students assess the 
task more accurately. In addition to helping students  “ size up ”  a 
particular assignment, rubrics can help students develop other 
metacognitive habits, such as evaluating their own work against 
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a set of criteria. Over time, these metacognitive skills should 
become internalized and automatic, and the need for rubrics will 
decrease.   

  Evaluating One ’ s Own Strengths and Weaknesses 
  Give Early, Performance - Based Assessments     Provide stu-
dents with ample practice and timely feedback to help them 
develop a more accurate assessment of their strengths and weak-
nesses. Do this early enough in the semester so that they have 
time to learn from your feedback and adjust as necessary. Identify 
the particular skills that questions and assignments target (for 
example,  “ These fi rst fi ve questions ask you to defi ne terms 
and concepts while the second set of fi ve requires a more sophis-
ticated synthesis of theoretical approaches ” ) so that students can 
see how well they do on a range of skills and can focus their ener-
gies on improving weaker skills. These formative assessments 
should help students detect the knowledge gaps they need to 
overcome.  

  Provide Opportunities for Self - Assessment     You can also give 
students opportunities to assess themselves without adding extra 
grading for yourself. For example, you might give students prac-
tice exams (or other assignments) that replicate the kinds of ques-
tions that they will see on real exams and then provide answer keys 
so that students can check their own work. When doing so, it is 
important to emphasize to students that the true benefi ts come 
from  doing  the activity — that is, writing answers to sample essay 
questions or solving problems — and refl ecting on the experience 
rather than simply looking over the answers provided. This is 
important because looking at a solution or model answer without 
fi rst working through the problem can lead students to believe 
that they know how to generate answers when they only know 
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how to recognize a good answer when it is given to them. For more 
information on self - assessments, see Appendix  A .   

  Planning an Appropriate Approach 
  Have Students Implement a Plan That You Provide     For 
complex assignments, provide students with a set of interim dead-
lines or a time line for deliverables that refl ects the way that you 
would plan the stages of work — in other words, a model for effec-
tive planning. For example, for a semester - long research paper, 
you could ask students to submit an annotated bibliography of 
the sources they anticipate using by week four, a draft of their 
thesis statement in week six, evidence supporting their thesis in 
week eight, a visual representation of their paper ’ s structure 
in week ten, and a draft that has been reviewed by at least three 
peers and revised accordingly in week twelve. Although requiring 
students to follow a plan that you provide does not give them 
practice developing their own plan, it does help them think about 
the component parts of a complex task, as well as their logical 
sequencing. Remember that planning is extremely diffi cult for 
novices. As students gain experience, this kind of explicit model-
ing can be gradually removed and students can be required to 
develop and submit their own plan for approval.  

  Have Students Create Their Own Plan     When students ’  
planning skills have developed to a degree that they can make 
plans more independently, you can require them to submit a 
plan as the fi rst  “ deliverable ”  in larger assignments. This could 
be in the form of a project proposal, an annotated bibliography, 
or a time line that identifi es the key stages of work. Provide feed-
back on their plan, given that this is a skill that they should con-
tinue to refi ne. If students perceive that planning is a valued and 
assessed component of a task, they will be more likely to focus 
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time and effort on planning and, as a result, benefi t from their 
investment.  

  Make Planning the Central Goal of the Assignment     If you 
wish to reinforce the value of planning and help students develop 
the skills of generating and revising their own plans, assign some 
tasks that focus  solely  on planning. For example, instead of solving 
or completing a task, students could be asked to plan a solution 
strategy for a set of problems that involves describing how they 
would solve each problem. Such assignments allow students to 
focus all of their energy on thinking the problem through and 
planning an appropriate approach. They also make students ’  
thought processes explicit, rather than requiring you to intuit 
them from a fi nal product. Follow - up assignments can require 
students to implement their plans and refl ect on their strengths 
and defi ciencies.   

  Applying Strategies and Monitoring Performance 
  Provide Simple Heuristics for Self - Correction     Teach stu-
dents basic heuristics for quickly assessing their own work and 
identifying errors. For example, encourage students to ask them-
selves,  “ Is this a reasonable answer, given the problem? ”  If the 
answer is unreasonable — such as a negative number for a quantity 
measuring length — the student knows that he did something 
wrong and can reconsider his reasoning or recalculate. There are 
often disciplinary heuristics that students should also learn to 
apply. For example, in an anthropology class, students might ask 
themselves,  “ What assumptions am I making here, and to what 
extent are they appropriate for cross - cultural analysis? ”  Similarly, 
instructors can provide more practical guidelines for assignments, 
such as how long it should take to complete an assignment. If 
students fi nd that they are taking far longer to complete the task 
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than is reasonable, they know to either try a different approach or 
to seek help.  

  Have Students Do Guided Self - Assessments     Require stu-
dents to assess their own work against a set of criteria that you 
provide. Exercises in self - assessment can raise students ’  awareness 
of task requirements, hone their ability to recognize the qualities 
of good as well as poor work, and teach them how to monitor 
their own progress toward learning goals. However, students may 
not be able to accurately assess their own work without fi rst seeing 
this skill demonstrated or getting some explicit instruction and 
practice. For example, some instructors fi nd it helpful to share 
annotated samples of student work, in which good and poor qual-
ities of the work are highlighted, before asking students to assess 
their own work.  

  Require Students to Refl ect on and Annotate Their Own 
Work     Require as a component of the assignment that students 
explain what they did and why, describe how they responded to 
various challenges, and so on. This can be done in various ways 
for different disciplines. For example, engineering students can 
annotate problem sets, sociology students can answer refl ective 
questions about their methodological decisions or assumptions, 
and architecture students can keep  “ process logs ”  in which they 
record various iterations of a design and explain their choices. 
Requiring refl ection or annotation helps students become more 
conscious of their own thought processes and work strategies and 
can lead them to make more appropriate adjustments.  

  Use Peer Review/Reader Response     Have students analyze 
their classmates ’  work and provide feedback. Reviewing one 
another ’ s work can help students evaluate and monitor their own 
work more effectively and then revise it accordingly. However, 
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peer review is generally only effective when you give student 
reviewers specifi c criteria about what to look for and comment on 
(for example, a set of questions to answer or a rubric to follow). 
For example, you might ask student reviewers to assess whether a 
peer ’ s writing has a clearly articulated argument and correspond-
ing evidence to support the argument. Similarly, you might ask 
students to document or evaluate how a classmate has solved a 
math problem and provide their own recommendations for a 
more effective strategy. For more information on peer review/
reader response, see Appendix  H .   

  Re! ecting on and Adjusting One ’ s Approach 
  Provide Activities That Require Students to Refl ect on Their 
Performances     Include as a component of projects and assign-
ments — or across projects and assignments — a formal requirement 
that students refl ect on and analyze their own performance. For 
example, they may answer questions such as: What did you learn 
from doing this project? What skills do you need to work on? How 
would you prepare differently or approach the fi nal assignment 
based on feedback across the semester? How have your skills 
evolved across the last three assignments? Requiring this self -
 refl ective step can give students a valuable opportunity to stop 
and assess their own strengths and weaknesses and to build their 
metacognitive skills.  

  Prompt Students to Analyze the Effectiveness of Their Study 
Skills     When students learn to refl ect on the effectiveness of 
their own approach, they are able to identify problems and make 
the necessary adjustments. A specifi c example of a self - refl ective 
activity is an  “ exam wrapper. ”  Exam wrappers are typically short 
handouts that students complete when an exam is returned to 
them; exam wrappers guide students through a brief analysis of 
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their own performance on an exam and then ask students to 
relate their performance to various features of how they studied 
or prepared. For example, an exam wrapper might ask students 
(1) what types of errors they made (for example, mathematical 
versus conceptual), (2) how they studied (for example,  “ looked 
over ”  problems the night before versus worked out multiple prob-
lems a week prior to the exam), and (3) what they will do differ-
ently in preparation for the next exam (for example, rework 
problems from scratch rather than simply skim solutions). When 
students complete and submit exam wrappers after one exam, 
their responses can be returned to them before the next exam 
so they have a ready reminder of what they learned from their 
prior exam experience that can help them study more effectively. 
For more information on exam wrappers, see Appendix  F .  

  Present Multiple Strategies     Show students multiple ways that 
a task or problem can be conceptualized, represented, or solved. 
One method for doing this in the arts is through public critiques 
in which students share different ways that they approached the 
problem, thus presenting one another with a range of possible 
solutions. In this way, students get exposure to multiple methods 
and can consider their pros and cons under a variety of circum-
stances. In other courses, students might be asked to solve prob-
lems in multiple ways and then discuss the advantages and 
disadvantages of the different methods. Exposing students to dif-
ferent approaches and analyzing their merits can highlight the 
value of critical exploration.  

  Create Assignments That Focus on Strategizing Rather Than 
Implementation     Have students propose a range of potential 
strategies and predict their advantages and disadvantages  rather 
than  actually choosing and carrying one through. For example, 
students might be asked to assess the applicability of different 
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formulas, methodologies, or artistic techniques for a given 
problem or task. By putting the emphasis of the assignment on 
thinking the problem through, rather than solving it, students get 
practice evaluating strategies in relation to their appropriate or 
fruitful application.   

  Beliefs About Intelligence and Learning 
  Address Students ’  Beliefs About Learning Directly     Even if it 
is not directly germane to the disciplinary content of your course, 
consider discussing the nature of learning and intelligence with 
your students to disabuse them of unproductive beliefs (for 
example,  “ I can ’ t draw ”  or  “ I can ’ t do math ” ) and to highlight the 
positive effects of practice, effort, and adaptation. Some instruc-
tors like to point out that the brain is a muscle that requires 
exercise or to make the analogy between the ongoing practice and 
discipline required by musicians, dancers, and athletes and the 
mental discipline and practice necessary for developing intellec-
tual skills.  

  Broaden Students ’  Understanding of Learning     Students 
often believe that  “ you either know something or you don ’ t know 
it. ”  In fact, learning and knowledge can operate on multiple levels, 
from the ability to recall a fact, concept, or theory (declarative 
knowledge) to knowing how to apply it (procedural knowledge) 
to knowing when to apply it (contextual knowledge) to knowing 
why it is appropriate in a particular situation (conceptual knowl-
edge). In other words, you can know something at one level (rec-
ognize it) and still not  know  it (know how to use it). Consider 
introducing students to these various forms of knowledge so that 
they can more accurately assess a task (for example,  “ This calls for 
me to defi ne  x  and explain when it is applicable ” ), assess their own 
strengths and weaknesses in relation to it (for example,  “ I can 
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defi ne  x  but I don ’ t know when to use it ” ), and identify gaps in 
their education (for example,  “ I ’ ve never learned how to use  x  ” ). 
You might also point out to students that different kinds of 
knowledge are required for different tasks — for example, solving 
problems, writing poetry, designing products, and performing on 
stage. Asking students to consider diverse types and dimensions 
of knowledge can help expand their beliefs about intelligence and 
ability in ways that enhance their metacognitive development. 
(For more information on types of knowledge, see Chapter  One  
and Appendix  D .)  

  Help Students Set Realistic Expectations     Give students 
realistic expectations for the time that it might take them to 
develop particular skills. It can be helpful to recall your own frus-
trations as a student and to describe how you (or famous 
fi gures in your fi eld) overcame various obstacles. Seeing that intel-
ligent and accomplished people sometimes struggle to gain 
mastery — and that learning does not happen magically or without 
effort — can prompt students to revise their own expectations 
about learning and their views of intelligence and to persevere 
when they encounter diffi culty. It can also help students avoid 
unproductive and often inaccurate attributions about themselves 
(for example,  “ I can ’ t do it; I must be dumb, ”   “ This is too hard; 
I ’ m not cut out for science ” ) or the environment (for example,  “ I 
still haven ’ t learned it; this instructor is no good, ”   “ I failed; the 
test was unfair ” ) and instead focus on aspects of learning over 
which they have control: their effort, concentration, study habits, 
level of engagement, and so on.   

  General Strategies to Promote Metacognition 
 Beyond the strategies listed above that target individual processes 
of the metacognitive cycle, there are two additional strategies —
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 modeling and scaffolding — that are useful for supporting a variety 
of metacognitive skills. These strategies can be employed to 
promote the development of multiple metacognitive skills at once 
or to concentrate on a particular one. 

  Modeling Your Metacognitive Processes     Show students how 
you yourself would approach an assignment and walk them 
through the various phases of  your  metacognitive process. Let 
them hear you  “ talk out loud ”  as you describe the way you would 
assess the task ( “ I like to begin by asking what the central problem 
is and considering the audience ” ) and assess your own strengths 
and weaknesses in relation to the task ( “ I have a pretty good 
handle on the basic concepts, but I don ’ t yet know what recent 
research has been done on the subject ” ). Then lay out your plan 
of action explicitly, articulating the various steps that you would 
undertake to complete the assignment ( “ I would start by browsing 
the relevant journals online, then create a set of exploratory 
sketches, then  …  ” ). You could also include in your modeling some 
discussion of how you evaluate and monitor your progress — for 
example, by mentioning the kinds of questions you ask yourself 
to ensure that you are on the right path ( “ Could I be solving this 
problem more effi ciently? ”  or  “ Am I making any questionable 
assumptions here? ” ). It is especially helpful for students to see 
that even experts — in fact,  especially  experts — constantly reassess 
and adjust as they go. Finally, you can show your students how 
you would evaluate the fi nished product ( “ I would revisit the 
original goal of the project and ask myself whether I satisfi ed it ”  
or  “ I would ask a friend of mine with some knowledge of the 
subject matter to read my essay and point out logical 
inconsistencies ” ). 

 A variation on, or potentially a second stage of, this model-
ing process is to lead students through a given task with a series 
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of questions they can ask themselves each step of the way (for 
example, How would you begin? What step would you take next? 
How would you know if your strategy is working? Is there an 
alternative approach?).  

  Scaffold Students in Their Metacognitive Processes     Scaf-
folding refers to the process by which instructors provide students 
with cognitive supports early in their learning, and then gradually 
remove them as students develop greater mastery and sophistica-
tion. There are several forms of scaffolding that can help students 
develop stronger metacognitive skills. First, instructors can give 
students practice working on discrete phases of the metacognitive 
process in isolation before asking students to integrate them. 
(Some examples of this were discussed in relation to specifi c 
phases of metacognition.) Breaking down the process highlights 
the importance of particular stages, such as task assessment and 
planning, that students often undervalue or omit while giving 
them practice with and feedback on each skill individually. After 
giving students practice with particular skills in isolation, 
it is equally important to give students practice synthesizing 
skills and using them in combination. Ultimately, the goal of this 
form of scaffolding is to progress toward more complexity and 
integration. 

 A second form of scaffolding involves a progression from 
tasks with considerable instructor - provided structure to tasks 
that require greater or even complete student autonomy. For 
example, you might fi rst assign a project in which students 
must follow a plan that  you  devise — perhaps including a break-
down of component tasks, a timetable, and interim deadlines for 
deliverables — and then in later projects relegate more of these 
planning and self - monitoring responsibilities to the students 
themselves.    
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  SUMMARY 

 Faculty members almost invariably possess strong metacognitive 
skills themselves, even if they are not explicitly aware of using 
them. They may, as a result, assume that students also possess 
these skills or that they will develop them naturally and inevitably. 
Consequently, faculty may both overestimate their students ’  
metacognitive abilities and underestimate the extent to which 
these skills and habits must be taught and reinforced through 
thoughtful instruction. Indeed, the research cited in this chapter 
suggests that metacognition does  not  necessarily develop on its 
own and that instructors can play a critical role in helping stu-
dents develop the metacognitive skills that they need to succeed 
in college: assessing the task at hand, evaluating one ’ s own 
strengths and weaknesses, planning, monitoring performance 
along the way, and refl ecting on one ’ s overall success.    
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 Conclusion: 
Applying the Seven 
Principles to Ourselves     

     By now, the power of the principles described in the book 
should be apparent. These principles explain and predict a 

wide range of learning behaviors and phenomena and hence aid 
the design of courses and classroom pedagogy. Their intercon-
nectedness should also be evident. Many of the problems students 
encounter when learning stem from an interaction of intellectual, 
social, and emotional factors. Therefore, their pedagogical solu-
tions must address all these facets at once. This is achievable 
precisely because our principles work together to provide such 
solutions. It also means that the number of strategies we must 
master to be effective teachers is not infi nite. In fact, although the 
specifi c strategies throughout this book vary from chapter to 
chapter, there are recurring themes among the strategies, such as 
collecting data about students, modeling expert practice, scaffold-
ing complex tasks, and being explicit about objectives and expec-
tations. These basic themes jointly address cognitive, motivational, 
and developmental goals. For instance, being explicit about one ’ s 
learning objectives and grading criteria helps students see the 
component parts of a complex task and thus allows them to target 
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their practice and move toward mastery. It also serves a motiva-
tional function because it increases students ’  expectations of 
success at the task, and it even impacts the learning climate by 
fostering a sense of fairness. 

 What is perhaps less evident is that these principles of learn-
ing apply to instructors as well because, when it comes to teach-
ing, most of us are still learning. Teaching is a complex activity, 
and yet most of us have not received formal training in pedagogy. 
Furthermore, teaching is a highly contextualized activity because 
it is shaped by the students we have, advancements in our respec-
tive fi elds, changes in technology, and so on. Therefore, our teach-
ing must constantly adapt to changing parameters. Although this 
realization can be overwhelming for some, it can also help us 
reframe our approach to improving our teaching because it means 
that we need not expect a static perfection, but a developing 
mastery of teaching. Learning to improve one ’ s teaching is a 
process of progressive refi nement, which, like other learning pro-
cesses, is informed by the learning principles set forth in this 
book. This concluding chapter applies our seven learning princi-
ples to the process of learning about teaching. We highlight each 
principle ’ s implications to learning about teaching. Just as in the 
previous chapters, we consider each principle individually for ease 
of exposition, but the ideas stemming from the seven principles 
together are all interrelated. 

 Like students, we possess a lot of  prior knowledge,  upon which 
we draw consciously and unconsciously when we teach, and this 
prior knowledge affects further learning and performance. But as 
we have seen, prior knowledge can be insuffi cient, inaccurate, or 
inappropriate, in which case it will hinder further learning. For 
instance, as experts in our respective fi elds, we possess a wealth of 
content knowledge, but this alone is insuffi cient for effective 
teaching. Some of us also possess the misconception that 
good teaching is all about entertainment and personality, and 
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that to be a good teacher one must be outgoing and funny. Not 
only is this notion inaccurate but it is also problematic because it 
locks both introvert and extrovert teachers in narrow and rigid 
roles without much room for growth. Finally, although it is 
helpful to be mindful of our own experiences as learners, it would 
be inappropriate to presume that all our students will share the 
same experiences we do and that therefore whatever teaching 
methods worked for us should work for our students as well. As 
pointed out repeatedly throughout this book, we are different 
from our students in many important ways. One of the recurring 
strategies emphasized in this book involves collecting data about 
students to help inform our teaching practice. Seen in this light, 
learning about our students is a way to build on our prior knowl-
edge by learning more about the context and using this informa-
tion to tailor our teaching to our audience. 

 Of course, in conjunction with the knowledge we possess 
about teaching, we need to think about the  organization  of that 
knowledge. Many of us started our careers without a rich, inte-
grated, and fl exible network of knowledge about teaching. For 
example, it is fairly common to keep one ’ s knowledge of teaching 
compartmentalized by course: these are the kinds of assignments 
that work better for this course, these are the kinds of policies that 
are necessary when teaching fi rst - year students, and so on. This 
organization is born out of experience, but it does not make for 
a fl exible and systematic way to think about teaching because it 
centers on surface features of the course. The principles of learn-
ing presented in this book offer a deeper, more meaningful struc-
ture for organizing one ’ s knowledge of teaching and learning and 
for building on that knowledge. This will help, for instance, when 
planning a new course for a new audience. 

 But refi ning our teaching is not only a cognitive process. It 
is also important to consider our  motivation  to learn (and continue 
to learn) about teaching. Given our other professional constraints, 
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what will sustain our efforts to improve our teaching? As we have 
seen, motivation is broadly determined by value and expectancy. 
One thing that most instructors value is effi ciency. We are all busy 
and have demands on our time, and working on our teaching 
taxes that limited resource. Therefore, it is important that the 
time investment pays off. Several of the strategies we offer in this 
book require a time investment up front, but they yield time 
savings later on, especially for future iterations of the same course. 
For instance, creating a rubric can be time - consuming, especially 
if you have never created one, but it also saves time later by stream-
lining the grading process and reducing student complaints — in 
addition to the learning benefi ts for students. On the expectation 
side, we are more likely to stay motivated if we set teaching goals 
for ourselves that are realistic, so that we are more likely to main-
tain confi dence in our ability to achieve those goals. This may, for 
example, mean that we should concentrate on improving one or 
two aspects of our teaching in a given semester, rather than trying 
to address everything simultaneously. It also might mean that 
instead of making radical changes to a course, we attempt more 
incremental changes, refl ecting on them as we go. Many success-
ful, experienced instructors maintain that it takes at the very least 
three years of progressive refi nement to build an effective course. 

 Realistic expectations are especially important because teach-
ing is a complex skill. To develop  mastery  in teaching, we need to 
acquire its component skills, integrate them, and apply them 
appropriately. Of course, this requires that we fi rst unpack the 
multifaceted task of teaching. For example, the ability to facilitate 
productive and engaging discussions requires several subskills: 
the ability to pose appropriate questions, listen empathetically, 
maintain fl ow, respectfully correct misconceptions, manage time 
effectively, and many more. Putting all these skills together is the 
ultimate multitask. That is why we need to acquire fl uency in each 
of them so that we develop enough automaticity to reduce the 
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cognitive load that any one of them requires. Moreover, as with 
the development of mastery in any other domain, teaching requires 
learning when and where various teaching strategies and instruc-
tional approaches are applicable; for example, when one ’ s learning 
objectives would be best served by group projects or case studies 
and when they would not, or when a multiple choice test is war-
ranted and when it is not. In other words, refi ning our teaching 
practice requires that we transfer what we learn about teaching 
from one context to another, making adjustments as our courses, 
our students, our fi elds — and, indeed, ourselves — change. 

 Developing mastery in teaching is a learning process, and as 
such it requires the coupling of  practice and feedback.  As we have 
seen, for practice to be maximally effective, it should be focused 
on clear goals. In order to set appropriate goals for our teaching, 
we can be guided by timely and frequent feedback on what aspects 
of our courses are and are not working. Most institutions mandate 
end - of - semester evaluations in which students can give instruc-
tors feedback about their teaching, but that kind of feedback is 
not the most useful for direct improvement of our teaching prac-
tice because it happens at the end of the term. The best feedback 
is formative feedback throughout the semester. This feedback can 
come from sources such as early course evaluations, student man-
agement teams, colleagues, and teaching center staff. So, for 
instance, if students raise concerns about the organization of our 
lectures, this can help us focus our efforts on a particular goal to 
help us improve. Just as many of our students do not think of the 
homework as practicing specifi c skills, most of us do not think of 
our teaching as  “ practice. ”  However, like our students, we learn 
most effi ciently when we target the skills we most need to develop. 
If we think of teaching as deliberate, focused practice, in the hypo-
thetical situation above we could decide to follow specifi c prac-
tices such as having an agenda for every lecture or making 
transitions between subtopics more explicit. 
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 Thinking of teaching as progressive refi nement raises the 
notion of  development,  which happens in the context of a given 
 climate.  What does this developmental process look like? First, 
instructors — like students — go through a process of intellectual 
development. We might begin at a stage where we are looking 
for the  “ right answer, ”  the pedagogical magic bullet that will, 
say, achieve full student participation during classroom discus-
sion. At some other stages, we might regard teaching solely as 
a matter of personal style and believe there is no better or worse 
way to go about it. At later stages we might realize that teaching 
is highly contextualized and think about the many decisions 
we need to make as educators in terms of student learning. 
Second, our identity as instructors also goes through develop-
mental stages. We have to work to develop a sense of competence 
and autonomy in teaching, integrity, and purpose as educators, 
a productive way to relate to the students, and appropriate 
ways to express our emotions in the classroom. In advanced 
stages of intellectual and identity development, we might develop 
trust in our own style while being open to improvement. Because 
this developmental process involves us intellectually as well as 
socially and emotionally, the broader climate in which we learn 
about teaching matters. For instance, being in a department that 
really values teaching can be energizing. Conversely, the climate 
can be demoralizing in a department that does not adequately 
support efforts to improve teaching. As we have discussed, the 
climate will have an impact on us whether we realize it or not. 
However, if we realize that our immediate climate is affecting us 
negatively, we have a number of options. We can branch out and 
seek a more supportive climate by broadening our reach to col-
leagues in other departments, to the education section of the 
various professional associations, or to the teaching center on 
campus. 
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 In this chapter, we have highlighted various aspects of learn-
ing about teaching using the learning principles as lenses of analy-
sis. In general, all these principles can help us be more refl ective — 
that is, metacognitive — about our teaching. As shown in this book, 
 self - directed learning  (metacognition) requires engaging in a cyclical 
process with several phases. Specifi cally, we need to carefully con-
sider our own strengths and weaknesses in relation to our teach-
ing, not only so we can play to our strengths but also so we can 
challenge ourselves to develop in areas in which we may need 
work. Moreover, since the task of teaching constantly changes 
(as our student population changes, as we teach new courses, as 
we revise old courses to include new material, as we try new 
approaches), we must continually reassess the task, plan an effec-
tive approach, monitor our progress, evaluate, and adjust. Just as 
many students do not naturally think of planning before they get 
started on a task, many instructors do the same with their courses. 
For instance, they construct the assessments for a course as an 
afterthought, instead of planning them to be in alignment with 
the course ’ s learning objectives and instructional strategies from 
the beginning. Knowing that we are likely to skip some of the 
steps in the metacognitive cycle can help us be mindful of this 
tendency and compensate for it. 

 Finally, refi ning our teaching practice requires being aware 
of our core beliefs about teaching and learning. For instance, what 
do we believe is the purpose of our teaching? What do we believe 
about intelligence, ability, and learning? All these beliefs will 
impact our metacognitive cycle. For instance, if we think of teach-
ing skill as a talent that one either has or lacks, we may not engage 
in the kinds of behaviors (for example, self - refl ection, comparing 
strategies with colleagues, seeking professional development, and 
reading this book!) that might help us improve. Conversely, if we 
think of teaching as a set of skills one can develop and refi ne, it 
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makes sense to engage in progressive refi nement and in the whole 
metacognitive cycle. This book is a start in that process and an 
invitation to keep thinking and learning about teaching, as we 
hope that the ideas presented here will be generative of more 
insights and more strategies as they are applied and refi ned 
over time.         
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 A P P E N D I X  A

What Is Student 
Self - Assessment and 
How Can We Use It?     

     One way to gather feedback on students ’  prior knowledge and 
skills is to ask them to assess their own level of knowledge 

or skill. The objective is to get an idea of the range of abilities and 
experience of the class as a whole, not to evaluate individuals. 
Questions can focus on knowledge, skills, or experiences that you 
assume students have acquired and are prerequisites to your 
course, things that you believe are valuable to know but not essen-
tial, and topics and skills that you plan to address in the course. 
Students ’  responses to such questions can help you calibrate your 
course appropriately or help you direct students to supplemental 
materials that will help them fi ll in gaps or weaknesses in their 
existing skill or knowledge base that may hinder their progress. 
The questions also help students focus on the most important 
knowledge and skills addressed by your course and access 
information from prior courses or experiences that apply to 
your course. 

 The advantage of a self - assessment instrument is that it is 
relatively easy to construct and score and, because it can be admin-
istered anonymously, it is low - anxiety for the student. The weak-
ness of the method is that students may not be able to accurately 
assess their abilities. Generally, people tend to overestimate their 
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knowledge and skills. However, accuracy improves when the 
response options are clear and tied to specifi c concepts or behav-
iors that students can refl ect on or even mentally simulate, such 
as being able to defi ne a term, explain a concept, or recall specifi c 
kinds and qualities of experience, such as building or writing or 
performing in a specifi c context. 

  Exhibit A.1  presents some examples of questions and 
response items.          

    Exhibit A.1.    Sample Self - Assessments 

    How familiar are you with  “ Karnaugh maps ” ? 

  a.     I have never heard of them or I have heard of them but don ’ t know 
what they are.  

  b.     I have some idea of what they are but don ’ t know when or how to 
use them.  

  c.     I have a clear idea of what they are but haven ’ t used them.  
  d.     I can explain what they are and what they do, and I have used them.    

 Have you designed or built a digital logic circuit? 

  a.     I have neither designed nor built one.  
  b.     I have designed one but have never built one.  
  c.     I have built one but have not designed one.  
  d.     I have both designed and built a digital logic circuit.    

 How familiar are you with a  “ t - test ” ? 

  a.     I have never heard of it.  
  b.     I have heard of it but don ’ t remember what it is.  
  c.     I have some idea of what it is, but am not too clear.  
  d.     I know what it is and could explain what it ’ s for.  
  e.     I know what it is and when to use it and could use it to analyze 

data.    

 How familiar are you with Photoshop? 

  a.     I have never used it, or I have tried it but couldn ’ t really do 
anything with it.  
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  b.     I can do simple edits using preset options to manipulate single 
images (e.g., standard color, orientation, and size manipulations).  

  c.     I can manipulate multiple images using preset editing features to 
create desired effects.  

  d.     I can easily use precision editing tools to manipulate multiple 
images for professional quality output.    

 For each of the following Shakespearean plays, place a check mark in 
the cells that describe your experience. 

 

   Play  

   Have seen a 
TV or movie 
production  

   Have seen 
a live 
performance  

   Have 
read it  

   Have written 
a college - level 
paper on it  

  Hamlet                  
  King Lear                  
  Henry IV                  
  Othello                  
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 A P P E N D I X  B

What Are Concept 
Maps and How 
Can We Use Them?     

     Concept maps are graphical tools for organizing and repre-
senting knowledge (Novak  &  Ca ñ as,  2008 ). They are drawn 

as nodes and links in a network structure in which nodes repre-
sent concepts, usually enclosed in circles or boxes, and links rep-
resent relationships, usually indicated by lines drawn between two 
associate nodes. Words on the line, referred to as linking words 
or linking phrases, specify the relationship between the two 
concepts. 

 Both your students and you can benefi t from the construc-
tion of concept maps. You can ask students to draw concept maps 
to get insight into what they already know and how they represent 
their knowledge. You can then use that information to direct your 
teaching. You can also use concept maps to see students ’  develop-
ing understanding and knowledge over time. For example, you 
can have students create maps several times throughout a course 
(at the beginning, middle, and end of the course), compare and 
contrast earlier and later maps, and discuss how their understand-
ing of the course material has changed over the semester. 

 It is best for students to construct concept maps with refer-
ence to some particular question they seek to answer, which is 
called a focus question. The concept map may pertain to some 
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situation or event that we are trying to understand through the 
organization of knowledge in the form of a concept map, thus 
providing the context for the concept map. For example, you 
could ask students to answer the question  “ What are the reasons 
for the 2008 – 2009 fi nancial crisis? ”  via a concept map. 

 For an example of a concept map that visually addresses the 
question  “ What are concept maps? ”  see Figure  B.1 . For more 
information on how to create and use concept maps, see Novak 
 (1998) .      
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 A P P E N D I X  C

What Are Rubrics 
and How Can We 
Use Them?     

     A rubric is a scoring tool that explicitly represents the instruc-
tor ’ s performance expectations for an assignment or piece of 

work. A rubric divides the assigned work into component parts 
and provides clear descriptions of different levels of quality associ-
ated with each component. Rubrics can be used for a wide array 
of assignments: papers, projects, oral presentations, artistic per-
formances, group projects, and so on. Rubrics can be used as 
scoring or grading guides, and to provide formative feedback to 
support and guide ongoing learning efforts. 

 Using a rubric provides several advantages to both instruc-
tors and students. Grading according to an explicit and descrip-
tive set of criteria (designed to refl ect the weighted importance of 
the objectives of the assignment) helps ensure that the instruc-
tor ’ s grading standards remain consistent across a given assign-
ment. Furthermore, although they initially take time to develop, 
rubrics can reduce the time spent grading by reducing uncertainty 
and by allowing instructors to refer to the rubric description 
rather than having to write long comments. Finally, grading 
rubrics are invaluable in large courses that have multiple graders 
(other instructors, teaching assistants, and so on) because they 
can help ensure consistency across graders. 
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 Used more formatively, rubrics can help instructors get a 
clearer picture of the strengths and weaknesses of their students 
as a group. By recording the component scores and tallying up 
the number of students scoring below an acceptable level on each 
component, instructors can identify those skills or concepts that 
need more instructional time and student effort. 

 When rubrics are given to students with the assignment 
description, they can help students monitor and assess their prog-
ress as they work toward clearly indicated goals. When assign-
ments are scored and returned with the rubric, students can more 
easily recognize the strengths and weaknesses of their work and 
direct their efforts accordingly. 

 For sample rubrics, see Exhibits  C.1 ,  C.2 ,  C.3 , and  C.4 . For 
detailed information on how to construct a rubric, see Stevens 
and Levi  (2005) .        
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 A P P E N D I X  D

What Are Learning 
Objectives and How 
Can We Use Them?     

     Learning objectives articulate the knowledge and skills you 
want students to acquire by the end of the course or after 

completing a particular assignment. There are numerous benefi ts 
to clearly stating your objectives, for both you and your students. 
First, learning objectives communicate your intentions to stu-
dents, and they give students information to better direct their 
learning efforts and monitor their own progress. Objectives also 
provide you with a framework for selecting and organizing course 
content, and they can guide your decisions about appropriate 
assessment and evaluation methods. Finally, objectives provide a 
framework for selecting appropriate teaching and learning activi-
ties (Miller,  1987 ). 

 What makes a learning objective clear and helpful? There are 
four elements. First, learning objectives should be  student - centered ; 
for example, stated as  “ Students should be able to _____. ”  Second, 
they should  break down the task  and focus on specifi c cognitive 
processes. Many activities that faculty believe require a single skill 
(for example, writing or problem solving) actually involve a syn-
thesis of many component skills. To master these complex skills, 
students must practice and gain profi ciency in the discrete com-
ponent skills. For example, writing may involve identifying an 
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argument, enlisting appropriate evidence, organizing paragraphs, 
and so on, whereas problem solving may require defi ning the 
parameters of the problem, choosing appropriate formulas, and 
so on. Third, clear objectives should  use action verbs  to focus on 
concrete actions and behaviors that allow us to make student 
learning explicit, and communicate to students the kind of intel-
lectual effort we expect of them. Furthermore, using action verbs 
reduces ambiguity in what it means to  “ understand. ”  Finally, clear 
objectives should be  measurable.  We should be able to easily check 
(that is, assess) whether students have mastered a skill (for 
example, asking students to  state  a given theorem,  solve  a textbook 
problem, or  identify  the appropriate principle). 

 Determining the action verbs for learning objectives is made 
easier as a result of the work of Benjamin Bloom, who created a 
taxonomy of educational objectives  (1956)  that, with slight revi-
sion (Anderson  &  Krathwohl,  2001 ), is still used today by educa-
tors around the world. This taxonomy represents six levels of 
intellectual behavior, from the simple recall of facts to the cre-
ation of new knowledge. These levels, combined with verbs that 
represent the intellectual activity at each level, can help faculty 
members articulate their course objectives and hence focus both 
their and their students ’  attention and effort. 

 For examples of action verbs, see Table  D.1 , and for sample 
objectives, see Exhibit  D.1 .          
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    Exhibit D.1.    Sample Learning Objectives 

    By the end of the course students should be able to 

   •      Articulate and debunk common myths about Mexican immigration 
(History)  

   •      Discuss features and limitations of various sampling procedures 
and research methodologies (Statistics)  

   •      Design an experimental study, carry out an appropriate statistical 
analysis of the data, and properly interpret and communicate the 
analyses (Decision Sciences)  

   •      Analyze simple circuits that include resistors and capacitors 
(Engineering)  

   •      Execute different choreographic styles (Dance)  
   •      Sketch and/or prototype scenarios of use to bring opportunity 

areas to life (Design)  
   •      Analyze any vocal music score and prepare the same score 

individually for any audition, rehearsal, or performance (Musical 
Theater)        
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 A P P E N D I X  E

What Are Ground 
Rules and How Can 
We Use Them?     

     Ground rules help to maintain a productive classroom climate 
by clearly articulating a set of expected behaviors for class-

room conduct, especially for discussions. Ground rules can be set 
by the instructor or created by the students themselves (some 
people believe that students adhere more to ground rules they 
have played a role in creating). Ground rules should refl ect the 
objectives of the course. For example, if an objective of the course 
is for students to enlist evidence to support an opinion, a ground 
rule could reinforce that goal; if a goal is for students to connect 
content material to personal experiences, then ground rules that 
protect privacy and create a safe environment for sharing personal 
information are important. 

 Ground rules should be established at the beginning of a 
course, and the instructor should explain the purpose they serve 
(for example, to ensure that discussions are spirited and passion-
ate without descending into argumentation, that everyone is 
heard, and that participants work together toward greater under-
standing rather than contribute disjointed pieces). Some instruc-
tors ask students to sign a contract based on the ground rules; 
others simply discuss and agree to the ground rules informally. It 
is important for instructors to remind students of these ground 
rules periodically, particularly if problems occur (for example, 
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students cutting one another off in discussion or making inap-
propriate personal comments). Instructors should also be sure to 
hold students accountable to these rules, for example, by exacting 
a small penalty for infractions (this can be done in a lighthearted 
way, perhaps by asking students who violate the rules to contrib-
ute a dollar to a class party fund), by factoring conduct during 
discussions into a participation grade for the course, or by pulling 
aside and talking to students whose conduct violates the agreed -
 upon rules. 

 For sample ground rules, see Exhibit  E.1 , and for a 
method for helping students create their own ground rules, see 
Exhibit  E.2 .          

    Exhibit E.1.    Sample Ground Rules 

      For Discussions 

  Listen actively and attentively.  
  Ask for clarifi cation if you are confused.  
  Do not interrupt one another.  
  Challenge one another, but do so respectfully.  
  Critique ideas, not people.  
  Do not offer opinions without supporting evidence.  
  Avoid put - downs (even humorous ones).  
  Take responsibility for the quality of the discussion.  
  Build on one another ’ s comments; work toward shared understanding.  
  Always have your book or readings in front of you.  
  Do not monopolize discussion.  
  Speak from your own experience, without generalizing.  
  If you are offended by anything said during discussion, acknowledge it 

immediately.  
  Consider anything that is said in class strictly confi dential.   

  For Lectures 

  Arrive on time.  
  Turn your cell phone off.  
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  Use laptops only for legitimate class activities (note - taking, assigned 
tasks).  

  Do not leave class early without okaying it with the instructor in 
advance.  

  Ask questions if you are confused.  
  Try not to distract or annoy your classmates.      

   Exhibit E.2.    A Method for Helping Students Create Their Own 
Ground Rules 

       1.     Ask students to think about the best group discussions in which 
they have participated and refl ect on what made these discussions 
so satisfying.  

  2.     Next, ask students to think about the worst group discussions in 
which they have participated and refl ect on what made these 
discussions so unsatisfactory.  

  3.     For each of the positive characteristics identifi ed, ask students to 
suggest three things the group could do to ensure that these 
characteristics are present.  

  4.     For each of the negative characteristics identifi ed, ask students to 
suggest three things the group could do to ensure that these 
characteristics are not present.  

  5.     Use students ’  suggestions to draft a set of ground rules to which 
you all agree, and distribute them in writing.  

  6.     Periodically ask the class to refl ect on whether the ground rules 
established at the beginning of the semester are working, and 
make adjustments as necessary.     

 SOURCE: Brookfi eld  &  Preskill  (2005) .    
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 A P P E N D I X  F

What Are Exam 
Wrappers and How 
Can We Use Them?     

     All too often when students receive back a graded exam, they 
focus on a single feature — the score they earned. Although 

this focus on  “ the grade ”  is understandable, it can lead students 
to miss out on several learning opportunities that such an assess-
ment can provide: 

   •      Identifying their own individual areas of strength and weakness 
to guide further study  

   •      Refl ecting on the adequacy of their preparation time and the 
appropriateness of their study strategies  

   •      Characterizing the nature of their errors to fi nd any recurring 
patterns that could be addressed    

 So to encourage students to process their graded exams 
more deeply, instructors can use  exam wrappers , short handouts 
that students complete when an exam is turned back to them. 
Exam wrappers direct students to review and analyze their perfor-
mance (and the instructor ’ s feedback) with an eye toward adapt-
ing their future learning. 

 One way to use exam wrappers is to ask students to complete 
the handout when they get back their graded exams. This way, 
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students are immediately encouraged to think through  why  they 
earned the score they did (what kinds of errors they made, how 
their performance might relate to their approach to studying) and 
how they might do better next time. Once students complete the 
exam wrappers, they should be collected, both for review by the 
instructional team and for safe keeping (because they will be used 
before the next exam, see next paragraph). In terms of reviewing 
the completed exam wrappers, the instructor, teaching assistants, 
or both should skim students ’  responses to see whether there are 
patterns either in how students analyzed their strengths and 
weaknesses or in how students described their approach to study-
ing for the exam. These patterns may give the instructor some 
insights into students ’  patterns of performance and what advice 
might help students perform better on the next exam (for example, 
if students only reread their notes but did not do any practice 
problems for a problem - oriented exam, the instructor could advise 
students to actually solve problems from sample exams). 

 Then, a week or so before the next exam, the exam wrappers 
are returned to students, either in a recitation section or in some 
other setting where there is opportunity for structured discussion. 
Students can then be asked to reread their own exam wrapper 
responses from the previous exam and refl ect on how they might 
implement their own advice or the instructor ’ s advice for trying a 
better approach to studying for the upcoming exam. A structured 
class discussion can also be useful at this point to engage students 
in sharing effective study strategies and getting input and encour-
agement from the instructional team. 

 For a sample exam wrapper from a physics course, see 
Exhibit  F.1 .          
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    Exhibit F.1.    Sample Exam Wrapper 

    Physics Post - Exam Refl ection   Name: ___________________________ 
 This activity is designed to give you a chance to refl ect on your 

exam performance and, more important, on the effectiveness of your 
exam preparation. Please answer the questions sincerely. Your 
responses will be collected to inform the instructional team regarding 
students ’  experiences surrounding this exam and how we can best 
support your learning. We will hand back your completed sheet in 
advance of the next exam to inform and guide your preparation for 
that exam. 

  1.     Approximately how much time did you spend preparing for this 
exam? ______________  

  2.     What percentage of your test - preparation time was spent in each 
of these activities?  

  a.     Reading textbook section(s) for the fi rst time ________  
  b.     Rereading textbook section(s) ________  
  c.     Reviewing homework solutions ________  
  d.     Solving problems for practice ________  
  e.     Reviewing your own notes ________  
  f.     Reviewing materials from course website ________ 

 (What materials? ____________________)  
  g.     Other ________ 

 (Please specify: ____________________)    

  3.     Now that you have looked over your graded exam, estimate the 
percentage of points you lost due to each of the following (make 
sure the percentages add up to 100): 

   a.     Trouble with vectors and vector notation ________  
  b.     Algebra or arithmetic errors ________  
  c.     Lack of understanding of the concept ________  
  d.     Not knowing how to approach the problem ________  
  e.     Careless mistakes ________  
  f.     Other ________ 
 (Please specify: ____________________)    

  4.     Based on your responses to the questions above, name at least 
three things you plan to do differently in preparing for the next 
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exam. For instance, will you just spend more time studying, change 
a specifi c study habit or try a new one (if so, name it), make math 
more automatic so it does not get in the way of physics, try to 
sharpen some other skill (if so, name it), solve more practice 
problems, or something else?  

  5.     What can we do to help support your learning and your 
preparation for the next exam?        



255

 A P P E N D I X  G

What Are Checklists 
and How Can We 
Use Them?     

     Checklists help instructors make their expectations for an 
activity or assignment explicit to students. This is often quite 

helpful because students do not always fully understand our 
expectations, and they may be guided by disciplinary or cultural 
conventions, or even the expectations of other instructors, that 
mismatch with what we expect for the current activity or assign-
ment. In addition, checklists raise students ’  awareness of the 
required elements of complex tasks and thus can help students 
develop a more complete appreciation for the steps involved in 
effectively completing a given assignment. 

 Checklists should be distributed to students in advance of 
an assignment ’ s due date, and students should be informed that 
it is their responsibility to fi ll out the checklist — making changes 
to their work, as necessary — and then staple the completed check-
list to their assignment for submission. This increases the likeli-
hood that certain basic criteria are met and avoids some annoying 
student tendencies (such as submitting multiple pages without 
stapling them together). For a sample checklist for a paper assign-
ment, see Exhibit  G.1 .          
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    Exhibit G.1.    Sample Paper Checklist 

    Name:  

 ____________________________________________________________ 

  Note:  Please complete this checklist and staple it to each paper you 
submit for this course. 

  ___ I have addressed all parts of the assignment.  
  ___ My argument would be clear and unambiguous to any reader.  
  ___ My paragraphs are organized logically and help advance my 

argument.  
  ___ I use a variety of evidence (for example, quotes, examples, facts, 

illustrations) to reinforce my argument(s).  
  ___ My conclusion summarizes my argument and explores its 

implications; it does not simply restate the topic paragraph.  
  ___ I have revised my paper ___ times to improve its organization, 

argument, sentence structure, and style.  
  ___ I have proofread my paper carefully, not relying on my computer 

to do it for me.  
  ___ My name is at the top of the paper.  
  ___ The paper is stapled.  
  ___ The paper is double - spaced.  
  ___ I have not used anyone else ’ s work, ideas, or language without 

citing them appropriately.  
  ___ All my sources are in my bibliography, which is properly formatted 

in APA style.  
  ___ I have read the plagiarism statement in the syllabus, understand it, 

and agree to abide by the defi nitions and penalties described there.    

 Student Signature: ________________________ Date: ______________     
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 A P P E N D I X  H

What Is Reader 
Response/Peer 
Review and How 
Can We Use It?     

     Reader response (often called peer review) is a process in 
which students read and comment on each others ’  work as a 

way to improve their peers ’  (and their own) writing. In order for 
students to be able to engage in this process effectively, the review-
ers need a structure to guide their reading and feedback, the 
writers need reviews from several readers, and the writers need 
suffi cient time to implement feedback and revise their work. 
Consequently, the instructor must plan assignment dates accord-
ingly and create an instrument to direct the process. 

 Reader response/peer review offers advantages to readers, 
writers, and instructors alike. The advantage to the writer is that 
the process provides targeted feedback to direct revisions of the 
paper. The advantage to instructors is that students engage in the 
revision process before instructors ever see the paper, thus, one 
hopes, resulting in a better fi nal product. Some empirical research 
has shown that if students get focused feedback from four peers, 
their revisions are better than those students who received feed-
back from their professors only. And the expectation for readers/
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reviewers is that by analyzing others ’  strengths and weaknesses, 
they can become better at recognizing and addressing their own 
weaknesses. 

 Following in Exhibit  H.1  is an example of an instrument that 
one instructor provides to her students for a basic academic argu-
ment paper. Notice that the instructions are geared toward helping 
reviewers identify the gist of the paper fi rst, then locate the mean-
ingful components of the argument, and then provide feedback. 
As with any instruments instructors use in their classes, the 
instructions make the most sense when they are grounded within 
the course context.          

    Exhibit H.1.    Sample Reader Response/Peer Review Instrument 

    To the reviewer: The purpose of the peer review is to provide targeted 
feedback to the writer about what is working in the paper and what is 
not. 
  I.     Please read the paper through the fi rst time without making any 

markings on it in order to familiarize yourself with the paper.  
  II.     During the second read, please do the following:  

   •      Underline the main argument of the paper  
   •      Put a check mark in the left column next to pieces of evidence 

that support the argument  
   •      Circle the conclusion    

  III.     Once you have done this, read the paper for the third and fi nal 
time, and respond briefl y to the following questions: 

    •      Does the fi rst paragraph present the writer ’ s argument and the 
approach the writer is taking in presenting that argument? If 
not, which piece is missing, unclear, understated, and so forth?  

   •      Does the argument progress clearly from one paragraph to the 
next (for example, is the sequencing/organization logical)? Does 
each paragraph add to the argument (that is, link the evidence 
to the main purpose of the paper)? If not, where does the 
structure break down, and/or which paragraph is problematic 
and why?  
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   •      Does the writer support the argument with evidence? Please 
indicate where there is a paragraph weak on evidence, evidence 
not supporting the argument, and so on.  

   •      Does the conclusion draw together the strands of the 
argument? If not, what is missing?  

   •      What is the best part of the paper?  
   •      Which area(s) of the paper needs most improvement (e.g., the 

argument, the organization, sentence structure or word choice, 
evidence)? Be specifi c so that the writer knows where to focus 
his or her energy.          
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Analogies: connecting students with prior 

knowledge, 33; illustrating limits of, 
20–21, 36–37

Application of skills, 107–112
Assessments: administering diagnostic, 

28–29; aligning for course, 85; 
diagnosing weak or missing 
component skills, 114–115; fi nding 
appropriate challenge levels with, 145; 
of prior knowledge, 19–20; providing 
performance-based, 206. See also 
Self-assessments

Assignments: checking student 
understanding of, 205; creating 
appropriately challenging, 86; 
defi ning unacceptable, 204–205; 
focusing on strategies solving, 211–
212; including planning in, 191, 
207–208; peer reviews and feedback 
of, 209–210; presenting multiple 
solutions for, 211; providing 

performance criteria with, 205–206; 
rubrics for, 231–232

Attainment value, 75, 76
Autonomy of students, 161

B
Brainstorming, 29–30

C
Centralizing course climate, 171–173
Challenge: adjusting with instructional 

scaffolding, 132–133, 146–147; 
assessing level of, 130–133, 136, 145; 
setting for students, 85–86

Change: guiding process of conceptual, 
27; involved in learning, 3

Checklists, 255–256
Chickering model of student 

development, 160–163
Chunking, 52
Class participation rubric, 233
Classes. See Course climate; Large classes
Clickers, 31
Climate. See Course climate
Cognitive load, 103–107, 116
Cognitive structures: expert and novice, 

45–58; supplying students with, 53



Subject Index

292

Colleagues: asking for help gauging prior 
knowledge, 27–28; incorporating 
feedback from, 151; overcoming blind 
spots with help from, 113

Commitment, 165
Component skills: application and 

transfer of, 107–112; applying in 
diverse contexts, 117–118; 
decomposing tasks of, 100–101, 113; 
diagnosing weak or missing, 114–115; 
discussing applicability of, 117; 
exposing and reinforcing, 112–115; 
focusing students on key tasks of, 114; 
identifying contextual relevance of, 
119; integrating into complex tasks, 
103–107; practicing, 101–102, 
114–115, 133–136; teaching, 
100–101, 102–103

Concept maps: analyzing knowledge 
organization with, 59; assigning as 
activity, 30; defi ned, 228; drawing, 
63–64; illustrated, 229; using, 
228–230

Conscious incompetence, 96–97
Content: refl ecting diversity, 178–179; 

selecting centralizing, 184
Context: applying component skills in 

diverse, 117–118; context dependence, 
109; identifying skills and knowledge 
appropriate for, 119–120; learning 
transfer of knowledge appropriate for, 
110–112; misapplication of prior 
knowledge in other, 20–23

Correcting student misconceptions, 
25–27, 37–38

Course climate: active listening and, 186; 
addressing tension in, 185–186; avoid 
content marginalizing students, 184; 
avoiding low-ability cues, 182; climate 
fostering instructors, 222; content and 
perception of, 178–179; disturbances 

in, 153–156; don’t ask individual to 
speak for entire group, 182; examining 
assumptions about students, 181–182; 
getting feedback on, 184–185; ground 
rules for interactions, 183–184; impact 
of faculty and student interactions on, 
177–178; implications of research, 180; 
instructor’s tone and, 176–177; 
interacting with values and 
expectancies, 79–82; interactive effect 
on learning, 6, 156–158; making 
uncertainty safe, 180–181; 
marginalizing or centralizing climates, 
171–173; modeling inclusivity in, 183; 
motivation and, 79–82; preparing for 
sensitive issues, 185; reducing 
anonymity in large classes, 182–183; 
research on, 170–179; resisting single 
right answer, 181; setting with syllabus 
and fi rst day, 184; stereotyping’s effect 
on, 174–176; teaching students to 
support opinions with evidence, 181; 
turning discord into learning 
opportunity, 186. See also Large classes; 
Student development

Courses: aligning objectives, assessments, 
and instruction in, 85; allowing 
fl exibility in, 89; appropriate 
challenges in, 85–86; connecting to 
students’ interests, 83; covering gaps 
in prior knowledge, 34–35; identifying 
discipline-specifi c conventions, 36; 
identifying and rewarding values of, 
84–85; linking new material to prior 
knowledge in, 32; real-time feedback in 
large lectures, 150–151; stating goals 
in materials for, 145; students’ 
outcome expectancies about, 76–77. 
See also Course climate

Cultures: kinship terms and knowledge 
organization within, 47–48; 
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misapplying cultural knowledge, 
21–22; relevance of principles to all, 8. 
See also Diversity

D
Declarative knowledge, 18, 19
Deep features: comparisons identifying, 

118–119; highlighting, 62
Deliberate challenge, 131
Deliberate practice, 127–128
Development. See Student development
Disciplines: decomposing tasks for, 100–

101, 113; demonstrating passion for, 
85; identifying specifi c conventions 
for, 36; relevance of principles to all, 7

Disintegration, 169
Diversity: course content refl ecting, 

178–179; cross-cultural relevance of 
principles, 8; disturbances in climate 
refl ecting, 153–156; don’t ask 
individual to speak for entire group, 
182; effect of course climate on 
minorities, 171–173; gender and, 
154–156, 160, 165–166, 173; 
instructor’s orientation to, 179; 
modeling inclusivity to foster, 183; 
negative effects of stereotyping, 
174–176; race/ethnic identity, 
167–170, 174–176; sexual orientation 
and marginalization, 169

Duality, 164

E
Eberly Center for Teaching Excellence, 

233–238
Effi cacy expectancies, 77
Elaborative interrogation, 17
Emotions: reacting to stereotyping, 

175–176; student management of, 
160–161

Environment. See Course climate

Error patterns, 31, 148–149, 251
Exam wrappers, 251–254
Expectancies: building positive, 85–88; 

defi ned, 76; effect on learning and 
performance, 69–70; motivation 
and types of, 76–79; values and 
environment interacting with, 79–82

Expectations: allowing misconceptions to 
change, 38; clarifying instructor’s, 87; 
helping students set realistic, 213; 
instructors’, 105, 220–221; learning 
success and students’, 77–79; 
providing rubrics of, 87, 146; setting 
practice, 147

Expert blind spots: defi ned, 99; 
overcoming, 99, 112–113; teaching 
skills systematically and, 100–101

Expert knowledge structures: density of 
connections in, 49–54; expert blind 
spots in, 97–99, 112–113; illustrated, 
45–46; liabilities of, 95, 98–99; making 
connections explicit, 62–63; nature of 
connections in, 54–58

F
Failure: giving students ways to explain, 

88; in knowledge and skill transfers, 
108–109; motivation following, 78–79

Fairness, 88
Far transfers, 108
Feedback: asking students how they use, 

151–152; communicating progress and 
directing learning with, 139–142; cycle 
of practice and, 125–127; defi ned, 125; 
getting on course climate, 184–185; 
giving balanced, 149–150; goal-
directed practice combined with, 137; 
group, 150; linking to further practice, 
141–142, 143–144; offering frequent, 
150; peer, 151, 209–210; as principle of 
learning, 5–6, 124–127; prioritizing, 
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149; research implications on, 
143–144; targeted, 87–88, 141–142, 
148–152; teaching mastery and, 221; 
timeliness of, 138–139, 142–143. 
See also Peer reviews; Practice; 
Targeted feedback

Flow, 133
Formative feedback, 139

G
Gender: assumptions about competence, 

154–156, 160; differences in learning 
by, 165–166; marginalization by, 
173; sexual orientation and 
marginalization, 169

Goal-directed practice: challenges 
providing, 128–130, 136; need for, 5–6; 
research on, 127–130, 136; strategies 
for, 145–148

Goals: confl icting, 74; developing 
students’ metacognitive skills, 203; 
importance of students’, 5–6; 
motivation based on, 70–74; refi ning 
as course progresses, 148; stating 
learning, 129–130, 145; subjective 
value of, 69–70, 74–76; success 
in achieving, 77–79; types of 
performance, 71. See also 
Goal-directed practice

Grading: exam wrappers and, 251–254; 
rubrics for, 231

Ground rules: making and using, 
248–249; sample, 249–250; setting 
for course interactions, 183–184; 
student-created, 250

Group feedback, 148–149, 150

H
Hardiman-Jackson social identity 

development model, 167–168
Heuristics for self-correction, 208–209

I
Identity: assumptions about students 

effecting, 181–182; developing 
purpose, 162; establishing social, 161; 
racial/ethnic, 167–170; research on 
development of social, 166–170

Immersion, 168
Inaccurate prior knowledge: correcting 

misconceptions, 24–27, 37–38; 
research implications about, 27

Instructional scaffolding. See 
Scaffolding

Instructors: achieving teaching mastery, 
221; activating students’ prior 
knowledge, 16; active listening by, 186; 
addressing student’s beliefs about 
learning, 212; administering diagnostic 
assessments, 28–29; analogies used by, 
33; applying principles to self, 217–
224; assessing students’ knowledge 
with other, 27–28; availability of, 
177–178; cases illustrating knowledge 
organization, 61–62; challenges 
providing goal-directed practice, 128–
130, 136; clarifying expectations, 87; 
communicating feedback, 139–142, 
149–150; connecting courses to 
students’ interests, 83; core beliefs 
about learning, 223–224; correcting 
misconceptions, 25–27, 37–38; 
creating opportunities for early 
success, 86–87; decomposing 
disciplinary skills, 100–101, 113; 
defi ning practice expectations, 147; 
defi ning unacceptable assignments, 
204–205; demonstrating transfer of 
knowledge, 110–112; developing 
metacognitive skills in course, 203; 
developmental process for, 222; 
diagnosing students’ missing skills, 
114–115; diffusing class tensions, 
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185–186; discussing applicability of 
component skills, 117; don’t ask 
individual to speak for entire group, 
182; encouraging multiple organizing 
structures for students, 63; examining 
assumptions about students, 181–182; 
expectations of, 105, 220–221; expert 
blind spots of, 99, 112–113, 114; 
fairness by, 88; fi nding patterns of 
student errors, 148–149; focusing on 
assignment solutions, 211–212; 
gauging students’ prior knowledge, 
27–31; ground rules for interactions, 
183–184; guiding student self-
assessments, 209; helping students 
assess tasks, 204–206; helping students 
set expectations, 213; heuristics for 
self-correction by, 208–209; 
highlighting deep features, 62, 
118–119; identifying and rewarding 
course values, 84–85; illustrating 
inappropriate prior knowledge, 35–37; 
inclusivity modeled by, 183; knowledge 
organization by students vs., 45–46, 
49–54; linking new material to 
previous knowledge, 31–32; low-ability 
cues by, 182; making classroom 
uncertainty safe, 180–181; making 
connections explicit, 62–63; mastering 
teaching, 220–221; metacognition 
about teaching, 223; mismatched goals 
of students and, 71, 73; modeling 
metacognitive processes, 214–215; 
motivating students, 89; motivation 
of, 219–220; observing students’ error 
patterns, 31; offering opportunities for 
refl ection, 89; offering target 
performance examples, 147–148; 
optimizing knowledge organization 
for students, 49; organization of 
knowledge, 219; performance-based 

assessments by, 206; preparing for 
sensitive issues, 185; presenting 
multiple assignment solutions, 211; 
prior knowledge of, 218–219; 
prompting students on relevance, 120; 
providing assignment’s performance 
criteria, 205–206; providing model for 
effective planning, 207; reducing 
anonymity in large classes, 182–183; 
refi ning goals as course progresses, 
148; resisting single right answer, 181; 
revealing and enhancing knowledge 
organization, 59–64; rubrics 
representing expectations by, 87, 146; 
scaffolding used by, 106, 132–133, 
146–147; selecting content centralizing 
students, 184; sensitivity to students’ 
cognitive load, 103–107; setting 
appropriate challenges, 85–86; sharing 
knowledge organization with students, 
61; showing passion for discipline, 85; 
strategies building positive 
expectancies, 85–88; structuring course 
for students, 60–61; teaching 
component skills, 100–101, 102–103; 
teaching students to support opinions 
with evidence, 181; tone set by, 176–
177; using student self-assessments, 
225–227; using syllabus and fi rst day 
to set climate, 184

Instrumental value, 75, 76
Insuffi cient prior knowledge, 18–20, 

34–35
Integrating component skills: building 

and facilitating ease of, 115–117; 
including in performance criteria, 117; 
into complex tasks, 103–107

Integrity of student, 162
Intellectual climate. See Course climate
Intellectual development. See Student 

development
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Interpersonal relationships of students, 
161–162

Intrinsic motivation, 75
Intrinsic value, 75, 76

K
Knowledge: context-specifi c relevance of, 

119–120; developing from duality to 
relativism, 163–164; failures in transfer 
of, 108–109; incorrectly evaluating 
strengths and weaknesses, 195–196; 
learning and changes in, 3; linking 
new material to previous, 31–32; 
retention of new, 16–19. See also 
Knowledge organization; Prior 
knowledge; Transfer

Knowledge organization: advance 
organizers for, 53; based on experience, 
46–49; concept maps analyzing, 59, 
63–64; density of connections in, 
49–54; determining students’, 59–60, 
64; encouraging multiple organizing 
structures for students, 63; 
highlighting deep features for 
students, 62; illustrated, 45; 
illustrating with contrasting and 
boundary cases, 61–62; instructor’s, 
219; making connections explicit, 
62–63; monitoring problems with, 64; 
as principle of learning, 4–5, 43–46; 
problems with, 40–41; providing 
students with course structure, 60–61. 
See also Concept maps

L
Large classes: grading rubrics for, 231; 

real-time feedback in, 31, 150–151; 
reducing anonymity in, 182–183

Learning: addressing students’ beliefs 
about, 212; adjusting approach to, 
191, 199–200, 210–212; broadening 

understanding of, 212–213; chunking 
and, 52; communicating and directing, 
139–142; course climate and gains in, 
173; cycle of practice and feedback in, 
124–127; defi ned, 3; effectiveness of 
self-monitoring, 193, 197–199; effects 
of development and climate on, 156–
158; expert blind spots and student, 
99, 112–113; inaccurate prior 
knowledge and, 20–27; infl uence of 
knowledge organization on, 4–5, 
43–46; instructors’ core beliefs about 
learning, 223–224; linking research on 
to teaching practice, 1–9; motivation 
and, 5, 68–70; performance and, 5–6, 
133–136; prior knowledge’s effect on, 
4, 12–15; retaining, 16–17; stating 
goals of, 129–130, 145; stereotyping’s 
effect on, 174–176; student beliefs 
about intelligence and, 200–202, 212; 
students’ role in, 1; where prior 
knowledge applies, 23. See also 
Principles of learning; and specifi c 
principles

Learning objectives: about, 72; Bloom’s 
taxonomy of, 245, 246; defi ned, 244; 
sample, 247; using, 244–245

Lesbian, gay, bisexual, and transgendered 
(LGBT) students, 169

M
Marginalization: avoiding content 

creating, 184; course climate creating, 
171–173; sexual orientation and, 169, 
173

Mastery: achieving teaching, 220–221; 
applying skills in diverse contexts, 
117–118; comparisons identifying 
deep features, 118–119; component 
skills in, 99–103; defi ned, 95; 
discussing applicability of component 
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skills, 117; elements of, 95, 96; 
examples of undeveloped, 91–94; 
expertise and, 95–99; exposing and 
reinforcing component skills, 112–115; 
identifying relevant skills in specifi c 
contexts, 119–120; improving transfer, 
117–120; as learning principle, 5, 
94–95; learning to generalize to larger 
principles, 118; performing complex 
tasks, 103–107; stages in development 
of, 96–97; transfer and application of 
skills, 107–112. See also Component 
skills; Context; Transfer

Memory enhancement, 56
Metacognition: applying to teaching, 223; 

assessing tasks, 191, 194–195, 204–
206; cycle of self-directed learning, 
192–194; defi ned, 190; implications 
of research on, 202–203; modeling 
processes of, 214–215; scaffolding 
students in process of, 215

Monitoring: performance as self-directed 
learner, 191, 193, 197–199, 208–210; 
students’ knowledge organization, 64

Motivation: articulating expectations, 87, 
146; balancing positive and negative 
feedback, 149–150; challenging 
students appropriately, 85–86, 133; 
connecting courses to students’ 
interests, 83; defi ned, 68–69; 
describing student study strategies, 88; 
effect of environment, values, and 
expectancies on, 79–82; examples of 
student, 66–67; fairness by instructors, 
88; goals and, 70–74; impact of value 
and expectancy, 69–70; increasing with 
real-world tasks, 83–84; instructor’s, 
219–220; interactive effects on student, 
80–82; intrinsic, 75; learning and, 5, 
68–70; linking learning with relevance 
for, 84; making opportunities for 

success, 86–87; offering opportunities 
for refl ection, 89; pursuing goals of 
highest value, 74–76; student options 
and choices for, 89; targeted feedback 
creating, 87–88; types of expectancies 
in, 76–79

Multiplicity, 164
Myths, 24

N
National Research Council, 44, 190, 199
Novice knowledge structures: density of 

connections in, 49–54; effect of 
experience on, 46–49; illustrated, 
45–46; nature of connections in, 
54–58

O
Oral exam rubric, 234–235
Organization of knowledge. See 

Knowledge organization
Outcome expectancies, 76–77
Overspecifi city, 109

P
Papers: checklists for, 255–256; rubric for, 

236–238
Passion for disciplines, 85
Peer reviews: for instructors, 151; 

sample, 258–259; using, 209–210, 
257–258

Performance: assessments of, 206; effect of 
practice on, 133–136; giving examples 
of target, 147–148; including 
integration skills in criteria, 117; 
knowledge organization matched to 
task and, 48–49; managing cognitive 
load for complex tasks, 103–107; 
patterns of errors in, 148–149; practice 
and feedback cycle for, 126–127; 
rubrics for, 146; self-monitoring own, 
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197–199, 208–210; specifying criteria 
for, 129–130, 205–206; student 
refl ection on own, 210; unrealistic 
instructor expectations of, 105; value 
and expectancy on, 69–70. See also 
Feedback; Practice

Performance-approach goals, 71–72
Performance-avoidant goals, 71–72
Performance goals, 71
Personal response systems, 150–151
Pittsburgh Science of Learning Center, 7
Planning: effective student, 191, 207–208; 

research on student, 196–197; in self-
directed learning cycle, 193

Practice: appropriate challenges in, 130–
133, 136; building in opportunities 
for, 146; component skills, 101–102, 
114–115, 133–136; constraining scope 
of tasks, 116–117; examples of 
unacceptable student, 121–124; 
feedback cycle for, 125–127; goal-
directed, 5–6, 127–130, 136; linking 
feedback to, 141–142, 143–144; linking 
learning research to teaching, 1–9; as 
principle of learning, 5–6, 124–127; 
progressively refi ning teaching, 222–
224; quantity of, 133–136; setting 
expectations about, 147; skills for 
fl uency, 115–116; teaching mastery 
and, 220–221; unproductive, 124–125. 
See also Goal-directed practice

Principles of learning: about seven 
principles, 2–7; applying to instructors, 
217–224; developing mastery, 5, 94–95; 
effect of prior knowledge, 4, 38–39; 
improving learning with practice and 
feedback, 5–6, 124–127; motivation 
and learning, 5, 68–70; origin of, 3–4; 
strength of, 7–8; students as self-
directed learners, 6–7, 190–192; 
students’ development interacts with 

intellectual climate, 6, 156–158; 
students’ knowledge organization, 4–5, 
43–46; summary of, 4–7. See also specifi c 
principle

Prior knowledge: about, 38–39; accurate, 
31–33; accurate but insuffi cient, 
18–20; activating, 16–18; addressing 
gaps in, 34–35; correcting inaccurate, 
24–27, 37–38; diagnostic assessments 
of, 28–29; diffi culties gauging 
students’, 10–12; effect on learning, 4, 
12–15; gauging, 27–31; how students 
connect with, 15; illustrating limits of 
analogies, 36–37; inaccurate, 17, 
23–27; inappropriate use of, 20–23, 
35–37; instructors’, 218–219; learning 
where applicable, 23; reasoning based 
on relevant, 33; student self-
assessments of, 225–227

Procedural knowledge, 18, 19

Q
Quality of students’ learning, 5–6

R
Race/ethnic identity: research on, 167–

169; stereotyping and, 174–176
Reader response/peer reviews, 209–210, 

257–259
Real-time feedback, 150–151
Reasoning: asking students to justify, 37; 

using prior knowledge in, 33
Refl ection: in cycle of self-directed 

learning, 192, 193; leading to 
adjustments in approach, 191, 199–
200, 209, 210–212; opportunities for 
student, 89; sample exam wrapper for, 
253–254

Relativism, 164
Relevance: activating relevant prior 

knowledge, 17; connecting material 
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with students’ interests, 83; gauging 
prior knowledge’s, 35–36; linking 
learning with, 84; making courses 
interesting to students, 83; principles 
and cross-cultural, 8; prompting 
students on, 120

Research resources, 1–2
Resistance, 168
Retention: prior knowledge aiding 

learning, 16–17
Rewards, 84–85
Rubrics: articulating goals with, 129–130; 

class participation, 233; 
communicating performance criteria 
in, 146; defi ned, 146, 231; oral exam, 
234–235; paper, 236–238; providing, 
87; senior design project, 239–243; 
using, 231–232

S
Sample ground rules, 249–250
Sample learning objectives, 247
Sample peer review instrument, 258–259
Scaffolding: adjusting challenge with 

instructional, 132–133; building into 
assignments, 146–147; defi ned, 106; 
students in metacognitive process, 
215

Self-assessments: in cycle of self-directed 
learning, 192, 193; guiding student, 
209; incorrect student, 189–190, 
195–196; providing opportunities for, 
206–207; sample of, 226–227; student, 
225–227

Self-directed learners: adjusting learning 
approach, 191, 199–200, 210–212; 
applying strategies and monitoring 
performance, 191, 193, 197–199, 
208–210; assessing tasks, 191, 194–
195, 204–206; becoming, 6–7; beliefs 
about intelligence and learning, 

200–202, 212; evaluating strengths 
and weaknesses, 192, 193, 195–196, 
206–207; examples showing need for, 
188–190; instructors as, 223; learning 
cycle for, 192–194; principle of 
learning for, 190–192; using model for 
effective planning, 191, 207–208. See 
also Assignments; Metacognition; 
Study skills; Tasks

Senior design project rubric, 239–243
Sexism, 155–156
Sexual orientation and marginalization, 

169, 173
Skills. See Component skills
Social goals, 73
Social identity. See Identity
Stereotyping, 24–25, 174–176
Strengths and weaknesses: evaluating 

incorrectly, 195–196; exam wrappers 
identifying, 251; strategies to assess, 
206–207

Student development: active listening 
and, 186; addressing tensions early, 
185–186; anonymity in large classes, 
182–183; assumptions about 
student ability, 181–182; avoiding 
marginalizing students, 184; 
Chickering model of, 160–163; effect 
of inclusivity on, 183; fostering with 
feedback on climate, 184–185; ground 
rules for interactions and, 183–184; 
implications of research on, 169–170; 
intellectual development, 163–166; 
interactive effect on learning, 6, 156–
158; making uncertainty safe, 180–181; 
preparing for sensitive issues, 185; 
resisting single right answer for, 181; 
social identity development, 166–170; 
students’ social and emotional 
changes, 158–159; teaching students 
to support opinions with evidence, 
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181; turning discord into learning 
opportunity, 186. See also Course 
climate

Students: accurate but insuffi cient prior 
knowledge of, 18–20; activating prior 
knowledge, 16–18, 31–33; applying 
prior knowledge correctly, 23; 
assessing tasks, 194–195, 204–206; 
autonomy of, 161; becoming self-
directed learners, 6–7, 190–192; beliefs 
about intelligence and learning, 200–
202, 212; cognitive load of, 103–107; 
connecting with prior knowledge, 
15, 31–32, 33, 62–63; correcting 
misconceptions of, 25–27, 37–38; 
courses linked to interests of, 83; 
creating own ground rules, 250; 
declarative and procedural knowledge 
of, 18–19; describing study strategies 
for, 88; developing mastery, 5, 160; 
drawing concept maps, 63–64; effect of 
prior knowledge in learning, 12–15; 
encouraging multiple organizing 
structures for, 63; establishing 
identity, 161; evaluating strengths and 
weaknesses, 192, 193, 195–196, 206–
207; expectations of succeeding, 77–79; 
feedback for learning, 137–142; feeling 
safe with multiple worldviews, 180–
181; fi lling gaps in prior knowledge, 
34–35; fi rst impressions of instructors, 
184; focusing on key tasks, 114; 
gaining component skills, 99–103; 
gauging prior knowledge of, 10–12; 
generalizing to larger principles, 118; 
goal-directed practice by, 128–130; 
how feedback is used by, 151–152; 
how stereotyping affects, 174–176; 
identifying contextually relevant skills, 
119–120; inaccurate prior knowledge 
of, 23–27; inappropriate prior 

knowledge of, 20–23, 35–37; integrity 
of, 162; interacting with faculty and 
students, 177–178; interpersonal 
relationships of, 161–162; knowledge 
organization by, 4–5, 40–41, 43–54, 
59–62, 64; learning to solve 
assignments, 211–212; making 
learning relevant for, 84; managing 
emotions, 160–161; metacognitive 
process for, 214–215; mismatched 
goals of instructors and, 71, 73; 
monitoring own performance, 191, 
193, 197–199, 208–210; motivation of, 
68–70, 79–84; observing patterns of 
error in work, 31; opportunities for 
refl ection, 89; participating in learning, 
3; personal development and climate 
effects on, 6; planning by, 191, 207–
208; practicing component skills for 
fl uency, 115–116; prompting about 
relevant knowledge, 120; providing 
options for, 89; purpose of, 162; 
refl ecting on own work, 209, 210–212; 
response to instructor’s tone, 176–177; 
role in learning, 1; self-assessments by, 
29, 209, 225–227; setting realistic 
expectations, 213; social and 
emotional changes in, 158–159; 
structuring course for, 60–61; study 
skills of, 210–211; supporting opinions 
with evidence, 181; target performance 
examples for, 147–148; transferring 
knowledge correctly, 110–112; 
uncovering prior knowledge with 
brainstorming, 29–30; understanding 
of assignments, 205. See also Student 
development

Study skills: analyzing effectiveness of, 
210–211; describing effective, 88; 
examples of ineffective, 188–190; 
learning strategies solving 
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assignments, 211–212; using exam 
wrappers to enhance exam 
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FOREWORD BY RICHARD E. MAYER

7   Research-Based Principles 
for Smart Teaching

foster it. This vital resource is grounded 
in learning theory and based on research 
evidence, while being easy to understand and 
apply to college teaching.
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Any conversation about effective teaching 
must begin with a consideration of how 
students learn. However, instructors may fi nd 
a gap between resources that focus on the 
technical research on learning and those that 
provide practical classroom strategies. How 
Learning Works provides the bridge for such 
a gap.
 
In this volume, the authors introduce seven 
general principles of learning, distilled from 
the research literature as well as from 
twenty-seven years of experience working 
one-on-one with college faculty. They have 
drawn on research from a breadth of perspec-
tives (cognitive, developmental, and social 
psychology; educational research; anthro-
pology; demographics; and organizational 
behavior) to identify a set of key principles 
underlying learning—from how effective 
organization enhances retrieval and use 
of information to what impacts motivation. 
These principles provide instructors with an 
understanding of student learning that can 
help them see why certain teaching approach-
es are or are not supporting student learning, 
generate or refi ne teaching approaches and 
strategies that more effectively foster student 
learning in specifi c contexts, and transfer and 
apply these principles to new courses.
 
For anyone who wants to improve his or her 
students’ learning, it is crucial to understand 
how that learning works and how to best 
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